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PREFACE 


Although tliere hive been numerous books unttcn on heart disease 
and some monogiaphs on peripheral visadar disease yet no complete 
\oIume including a detailed discussion of the uhole subject of caixlio 
vascular disease Ins appeared This is the reason for this work 

The problem of cardioviscular disease has become so large and so 
complicated that it appears to me impossible for one man to write i 
completely satisfactory book on this subject I Ime been unusually 
fortunate m the cooperauon of the outsnndmg authorities in cardio 
vascular disease in this countr) ind wlntever viliie this vvork Ins is 
almost entirely due to them 

Since there are in all 56 contnbutors and since the various problems 
of cartliovascuhr disease are so closely related iheie has been necessarily 
some overlapping In my opinion this is justifiable since it is seldom 
that two luthonties have exactly the same ideas concerning any cardio 
vascular problem 

Altliough this work covers the entire subject of cardiovascular disease 
It has not been done m an encyclopedic form There aie comparatively 
few cases in which diphtheria and other acme infections— except rheu 
matic fever— permanently damage the heart so that this subject has been 
omitted There is no chapter on the prognosis m different types of 
cardiovaiscular disease since this subject is considered in the various 
chapters. 

Although I hesitate to mention any of the chapters specifically yet 
since It is becoming mcnfasiiigifj evidenc that a/I internists sliotricf have 
an understanding of electrocardiography I should like to call attention 
to the chapter on this subject bv Bellet and McMillan Any physiaan 
can find an almost exact duplicate for most electrocardiograms amongst 
the figures m this chapter and by follow mg the text w ith its description 
in simple language may easily make a conservative and accurate inter 
pretation of such electrocardiograms 

TJicre has been a detcimined effort to secure many illustrative case 
Jiistories since this is recognized as a practical method of presenting the 
necessary procedures for diagnosis and effective treatment 

(ix) 



FOREWORD 

By Sir Thomas Lewis 


Within luing memory our knowledge both of maladies 
of the heart and, more recently of diseases of the penphertl 
circulation, has profoundly changed it has become far more 
exact and far more comprehensue than formerly it continues 
to grow rapidlj These changes hate been brought about 
clnefl) m the EngUsli speaking coumnes, and not least in the 
United States of America The brilliant list of American 
authors of the present contents includes a score of names 
known m eterj part of tlie world where cardiotascular dis 
eases hate been intensitel) studied they are known for the 
solid contribution of those tvho bear them to their subject 
Rarely before has such a number of authoritatite wnters com 
bined to place its tiews of a branch of medicine on record 
and never before of cardiovasailar disease it is a guarantee 
to the reader that he is in direct or close contact witli all the 
fountains of modern knowledge, the most important guarantee 
perhaps that an) leader can be given 
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CHAPTLR I 


INTRODUCTION TO DISLASDS OF THE 
CARDIOVASCULAR SVSTCM 

By Howard B Siragic \I D iml Pai^l D Wnirr MD 

One of the most useful contributions to progicss ui the stud> of 
(lisense js t proper definuion of terms intl a tltssificition of diagnoses 
based ijpott a complete amljsis of the \arions syndromes In urdio 
tascular disease tins {ns proved most pnctiuil b> describing the diag 
nosis of each case from the standpoint of the etiological factor responsible 
for the disease the tliangcs in the structure of ihe tissues or oigans 
involved the disturbances of their (unction and the mierfereiue with 
bodily activity by the disease By including in tins way a fourfold 
explanation of the status of tlie heart or blood vessels we avoid vague 
categories of the past vvlucli have described only one aspect of the dis 
ease such as mitral regurgitation auricular fibrillation dropsy 
or intenniltency of the pulse Therefore for satisfactory diagnosis 
of the condition of a patient suffering fiom heart disease at least one 
subheading fiom each of the four main divisions of the following chssi 
ficatjon should be included 

A ETIOLOGICAL 

1 Congenital Cardiovascular Defect Tins is an aberration of 
development thought to be due generally lofinhy germ plasm and rarely 
to intrauterine infection 

2 Rheumatic Infection of Heart or Blood Vessels Tlic ciiologic 
agent of the rheumatic infection is unknown It is in general a disease 
of cold moist rhmaics appearing first in childhood in the lower cconoimc 
groups of the jiopulaiion Some form of slicpiococcus apjicars to play 
a pit in the disease but has not been proved to be the primary virus 
The commonest prciipitant of an an ifk is an upper rcspintorv infcciion 

0 ) 
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(a) Rheumatic fe\er (poI)iithiiti$) In(hmmator) ilieitinaiism 

(b) S)denham s chorea St Vitus dance 

(c) Indefinite s)stemic t)pc ( grouing puns tonsillms or phar)n 
gitis gastrointestiml disorders epistavis pulmomr) inflammation and 
cutaneous or subcutaneous manifestations such as nodules erythema 
multiforme and purpura/ 

3 Bacterial Infection (Specify bacterium if possible) In this group 
are classified all cases in which an infectise agent other than that of 
rheumatism or s}philis has produced an inflammatory leaction in pen 
cardium myocaidium or endocardium Diphtheria unless \ery mdd 
or early recognized and properly treated tends to cause extensile and 
sometimes fatal myocardial necrosis ^^ost infectious diseases do very little 
actual damage to the heart and hence terms like the influenza heart 
and the typhoid heart are leally misnomers it is true of course that 
any \ery seiere infection may affect the heart oy toxic action or even 
cause mild structural changes just as it affects any tissues m the body- 
such effects are sometimes noted in patients dying of infectious disease 
Rare types of myocarditis including tuberculous that due to trichinae 
periarteritis nodosa and so-called focal or disseminated interstitial lesions 
(of unknown etiology but probably infectious) belong m this category 
also as do certain infections like the Biizilnn trypanosomiasis (Chagas 
disease) that arc limited to certain parts of the world The majority of 
cases of nonrheumatic and nontuberculous pericarditis botli acute and 
chronic (including the constnctnc type) are obuously of infectious 
origin eien though it is rarely possible to identify the bactenum 
responsible In general hoiveier endocardial infection is most common 
of this die two following types may usually be differentiated 

(a) Acute (Streptococcus hemolyticus staphylococcus pneumococcus 
gonococcus Bacillus influenzae meningococcus etc) 

(b) Subacute (usually nonhemolytic— Streptococcus iindans— type of 
endocarditis but including otlier infections such as tuberculosis of the 
pericardium) 

Although the difference between die acute and subacute types of 
bacterial endocarditis is largely a matter of die duration of the disease 
from die onset to what is practically always a fatal termination the types 
differ also in the fiict diat die acute type is usually a complication of an 
acute septicemia and often affects preiiously uninjured hearts whereas 
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the subacute type is much more likely to attack heart vaUes damaged 
by rheumatism and to ha\e nn unexpected and insidious onset the latter 
(siibncute) type also affects hearts i\ith congenital defects and arteno 
\cnoiis communications in the great vessels such as patent ductus 
arteriosus or even peripheral arteriovenous fisuihe 

4 Syphilis This affects most commonly the first portion of the 
aorta less often the heart muscle and the arteries of both greater and lesser 
circulations 

5 Thyroid Disease (rt) Thyrotoxtcosis Long continued over 
activity of the thyroid gland may result in fatigue of the heart from 
tachycaidia and the onset of auricular fibrillation The hypothesis of a 
true toxic effect from the abnormal secretion of the gland is unproved 

(&) Hyl olhyroidisni ^^y^edema Ins been held responsible m rare 
casts for marked cardiac dilatation and weakness and commonly for low 
voltage curves by electrocardiograph Cases treated satisfactorily by 
thyroid medication have sometimes shown striking decrease in heart size 
by \ rays and always improvement in the electrocardiographic complexes 

6 Hypertension (ii) Systemic Prolonged hypertension results 
characteristically in cardiac hypertrophy chiefly, of the left ventricle and 
finally failure from fatigue of the muscle with or without the comphca 
non of coronary arteriosclerosis 

(6) Pulmonaiy Factors increasing the tension m the pulmonary 
circuit such as mitral stenosis emphysema pulmonary fibrosis and 
primary disease of the pulmonary vessels (endarteritis obliterans) may 
cause hypeitrophy and failure of the right ventricle ( dironic cor 
pulmonale ) However the commonest cause of right heart failure is 
pulmonary hypertension dependent upon failure of the left ventricle from 
factors responsible for strain on this chamber The heart failure of 
acute rheumatic cardms is preponderantly right ventricular due prob 
ably to the relative weakness of this ventricle as compared to the left in 
the presence of a diffuse myocardial reaction In some instances acute 
rheumatic cinnges in the lung may be a factor in producing pulmonic 
hypertension 

The tenn chronic cor pulmonale is routinely reserved for cases of 
ridit ventricular hypertrophy secondary to primary involvement of the 
lungs ind pulmonan blood sessels and is not applied to eases of right 
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ventricular enlargement due to mitral stenosis or to chronic failure of 
the left ventncle 

Acute cor pulmonale is a condition of sudden right ventricular dilata 
tion and failure due to abrupt nse in pulmonar) vascular tension of 
which the classical example is massive pulmonary embolism 

7 Atheroma and Sclerosis (a) Coronary Disease Degenerative 
changes of the coronar) vessels are primarily responsible for die common 
symptom of angina pectoris and their further extension for coronary 
thrombosis with myocardial infarction Slouei occlusion with the de 
velopment of compensatory circulation may result in electrocardio 
graphic changes oi evidence of cardiac weakness or may cause no symp 
toms or signs at all 

(6) J alvular Sclerosis The sequel to atheroma or calcareous disease 
of the valves (chiefly mitral or aortic) results in murmurs of regurgita 
tion or obstruction dependent upon the degree of the process It is not 
known how often such changes are preceded by infection of the valves 

(c) Peripheral Arterial Atheroma and Sclerosis A cause of vascular 
but not of cardiac disease 

(d) Medial Cystic Necrosis This condition is a degenerative process 
in the media of the aorta unrelated to ordinary atheroma and is tlie 
substrate for dissecting aneurysm Rupture of the miima in hypertensive 
subjects results m a splitting of the adventitia from the iniima as the 
blood dissects thiough the cystic media 

8 Neoplasm (Primary or Secondary) Most neoplasms of the heart 
are secondary either to direct extension from the lung and pericardium 
or to metastasis Rarely primary tumors occur A relatively non 
malignant type— myxoma of tlie auricIe-can produce signs suggesting 
mitral stenosis and emboli from the growth may produce a syndrome 
siinilating subacute bacienal endocarditis 

9 Trauma \ alve rupture gunshot and stab wounds and crushing in 
juries of the chest (such as the steering wheel injury ) are included here 

10 Imtabihty (n) \eurocirculatory Asthenia Soldiers heart 
Effort Syndrome This is a common disorder of cardiovascular action in 

which symptoms of fatigue appeal without adequate cause \o oiganic 
disease can be discovered in Uie heart The fundamental cause is still 
obscure 

(b) ^rr>//in?iaf of unknown ( nervous) origin 
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11. Cardiac Neurosis: T]jjs js a mental lUitiide toii-aitl cardiac dis 
case, ^\ith or Asithout organic oi functional he.irt disorder, clnracterired 
b) apprehension, and related to anviet) states, hut rarely to h)stena oi 
other psychoses The comphmis are not consistent tuth the cardiac find- 
ings, or are exaggerated bejond thenonml bj fear 

12. Miscellaneous Causes* (n) Anemta IV’ith marked lonering of 
hemoglobin from primary or secondar) anemia, there are s)mptoms of 
breathlessness and tachycardia, with cardiac dilatation and often mnr 
murs of functional type Changes in heart muscle (tigering) also may 
occur 

(b) Obesity nud Fatly lufiltration, "ratt% Heart ' The symptoms of 
cardiac type of obese indisidtials are largely due to fatigue and ‘effort 
syaidrome, ’ but in certain cases laige fat deposits iii or about the myo 
cardium may perhaps embarrass its action 

(c) "Athlete's Heart' It is doubtful if an .aicr.age noinial heart can 
be injured by physical aciuity, but in certain cases prolonged exertion, 
as in longdistance running or ski racing, results in cardiac hypertrophy 
Much of wliat IS attributed to athletes hem is due to ncrious reactions 
from competitive effort oi to some other kind of heait trouble 

(d) Deficiency Diseases In dietary deficiency diseases, such as rickets 
and bcriben, cardiac pathology has been denionstrucd It is now recog 
nized that \itamin Bi deficiency is not infrc(|uemly seen in the Occident, 
mainly in alcoliohcs wiiii faulty dietary habits and in inicsiinil disc.a5es 
A type of c.ardiac failure, with electiocardiograpluc clmiges, rcsjxanding 
rapidly to Bj .adminisiraiion. Ins been described Excess of such food 
factors as cod li\er oil and irradnied crgosierol Ins, on the oihei hand 
been shown experimentally to injure the heart 

(e) Senile In the absence of obvaous coionary disease, advanced age 
may be .associated with changes (dehydration pyknosis, etc) of cardiac 
muscle which attend the general sveakciung of the body and make it less 
able to withstand such strains as infection and surgery 

(/) Other Condtlton^ Tbeie are many states of il! Iieahli of all 
kinds which, usually in very minor dcgiec may depress or irritne ihe 
heart and circulation Tlitir number is legion and include not only 
most of the infectious diseases but also diseases of the kidness, liver, 
lungs, and central nervous system It seems unnecessary and actuilly 
unwise to classify then as types of heart disease. 
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13 Unknown Certiin obscure cardio\ascii]ar conditions still exist 
lUuch It IS onl) possible to call oE iinknoun cause The> should be 
classified in tins ssay to stimulate further m\estigation Such hearts 
appear dilated often preponderamly on the right side but show no 
valvular or coronary disease nor recognirable specific myocardial changes 
It IS believed that syphilis may be the cause in some instances In a few 
careful microscopic study of the small pulmonary vessels reveals obstruc 
tion suffiaent to classify them as cases of chronic cor pulmonale 

14 Possible Heart Disease Casts in which signs or symptoms exist 
which are not explicable by present methods should until capable of 
classification be called possible heart disease 

15 Potential Heart Disease Fins term is limned almost entirely to 
patients who have had rheumatic infections but who up to the time of 
examination have shown no cardiovascular disease 

B STRUCTURAL 

1 Displacement of Heart 

(a) Congenital (dextrocardia or ectopia cordis) 

(6) Acquirecl mechanically as secondary to pulmonary col 
lapse or fibrosis pneumothorax pleural lesions or 
thoracic tumors or aneurysms 

2 Change m Size of Heart as a Whole or of Individual Chambers 

{a) Atrophy of heart. 

(6) Hypertrophy 

(1) Ventricular (left right) 

( 2 ) Auricular (left right) 

(c) Dilatation of heart 

(i) ^ entncular (left nght) 

(") Auricular (left right) 

3 Myocardial Disease (Acute or Chronic) 

(fl) Congenital defects. 

(b) Inflammation (diffuse or localized) 

(c) Fibrosis. 

(d) Faitv change (infiltration or degeneration) 

(c) Infarction (ischemic necrosis) 

(/) Calcification. 

(g) Neoplasm. 

4 Cardiac Aneurysm 
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5 Cardiac Rupture 

6 Congenital Anomalies of Cardiac Chambers, Septa or Great 
Vessels 

(n) AuncuHr septil defect 
(6) Ventricular septal defect * 

(c) Tnioculate heart 

(i) ^Vith one atmcle 

(a) ^\'jth one rentricle 

(d) Bilocuhte heart (one auricle and one \entncle) 

(c) Common arterial trunk 

if) Transposition of the great arteries. 

7 Endocardial Disease (Acute or Chronic, Involving Valves, Mural 
Endocardium, Papillary Muscles, or Chordae Tendineae) 

(а) Congenital defects 

(б) Inflammation 

(c) Sclerosis 

(d) I'lhuhi deformii) 

(1) Mitral— msuflicienc) oi stenosis 

(2) A.ortic— msuflicienc) or stenosis 

(3) Tricuspid— msiifficienq or stenosis 

(4) Pulmonaiy— insufficiency or stenosis 

8 Pericardial Disease (Acute or Chrome) 

(a) Congenital defects 

(b) Inflammation 

(c) Effusion (state type of fluid) 

(d) Adhesions 

(1) 'Without constriction of the heart 

(2) IVith constriction of the heart (Pick s disease) 

(c) Calcification 

(/) Pneumopericardium 
(g) Neoplasm 

9 Vascular Disease 

(a) Coronary 1 essels 

(1) Congenital anomal\ 

(2) Inflammation 

• hen a \entiiailar sepul detect is combined isilh pulraonao stenosis dextroposition 
of the aorta and right tentricular enlar gem e n t the condition is Inoi n as the Tetralogy of 
Tallot the commonest type of the cyanotic congenital heart puient 
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(j) Sclerosis 
(l) Aiieurjsm 
(3) Fnibolism 

(0) riuombosis 

(7) Pcrnrtciius iukIos-i 

(8) Rupture 
(/^) Aom 

(1) Coij:»cninI moiinl), cspccnilj conctition md right 

noriir nich 

(i) ls\U\u\rsr\\ri«s 
(3) Sclerosis 

(j) Dihntioii 01 'inciir>stn 
(■|) I mbolistn 

(0) ritronibosis 

(7) Dissecting nnctir>siii (iionliictic) 

(8) Rupture 

(c) Ptilmotni^ ittcr> nnd bnnebes 

(1) CoiigemnI monnl) 

(a) Innimtimion 

(3) Sclerosis 

(j) Uil iniicm or nneur)siji 

(3) DuUoUsm 

(G) TInoiiibosis 

(7) I luhrtcriiis obliicniis 

(d) Pcrijilici il irtencs 

(1) Coiigeninl moiinl) 

(2) Infiimination 
{3) Sclerosis 

(j) Dihintioii or incursMii 
(i) I uetir 

(b) \()coiic 

(c) Tmimnic 
(5) Embolism 

(G) TInomliOMS (thiomlmingiuis oblitenns) 

(7) Pci 1 n tci Ills imkIos i 

(c) Diseiscs of \ciiis cipilltiies uul l>inplntiis 
10 Undiagnosed Cardiovascular Disease 
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C FUNCTIONAL 

I. Normal Mechanism of the Heart Beat and Its Disturbances; 
This section includes changes in the aciiMt^ of the heart uhich, in iinn) 
instances, can be accuratel) analyzed onl) the elcctrocirdiograph 

(n) h'ormal Rhythm and Changes of t'agosymfjdthetic Origin Under 
this heading are tlie disturbances which occur from an exaggeration of 
the actiMi) of the ner\es responsible for accelerating or slowing the 
pacemaking function of the sinoauncuhr node 

(1) Normal rate— usinllj 6o to 8o per minute 

(2) Sinoauriculir tachycnrdn This is ihe response to such factors 
as exeition, emotion, fe\er, lieinorrJngc, asphyxia, ihyroioxicosis cardnc 
failure or infection, \agal paralysis or sympatlietic stimulation which 
results in a rapid heart rate under control of the normal pacemaker 
The rate is between 100 md 200 per minute 

(g) Sinoauricular bradycardia This is also .i normal response of 
the fienrt by slowing to such factors as rest, convalescence, piegmncy 
puerpcruim, jaundice, nausea, or vagal stimulation The nte is under 
50 per minute Increased intracranial pressure may result in bradycardia, 
and carotid sinus pressure can produce marked cardiac slowing without 
aunculovenincufar block AceiyKholine and its derivatives and ipecac 
are the most active agents in vagal stimulation 

(4) Sinus arrhythmia During respiration there is a noimal leflex 
change m vagosympathenc lone which results in an inspiratory quicken 
ing and expiratory slovs^ing of the heart called sinus arrhythmia Rarely 
this sinus arrhythmia is not related lo respimiiou In patients in the 
sclerotic age a high degree of sinus arrhythmia is an abnormal finding 
and suggests obstruction of the blood supply lo the sinoauncuhr node 

(5) Sinoauncuhr standstill With marked vagal hypcrionn ihc 
stnoauncular node may be so depressed tliat at intervals it does not 
initiate an impulse Thus the notic is said to be blocked or to be at a 
standstill 

(G) ^Vanderlng pacemaker In certain cases the point of impulse 
formation in the auricle may be shown by electrocardiograph to change 
its position jilnsically or irregularly This appears as an alteration of ilie 
auricuhr (P) wave, usually a lowering lUtttiung or inversion 

(7) \'tntijcuhi escijK (juriiulovt-iunctil ir nodd escape) The 
impiihes aniving from the smoiuncular iukIo may be so much slowed 
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or ihc auriculo\entnailar node may be so irritable that the pacemaher 
in the AV node ma) "escape” and cause the ^entriclc to heat at the 
same lime as the auricles or to precede them. 

(8) Auriculoventricnlar nodal rhythm. If tlie atiriculoventricnlar 
node becomes irritable or ilic sinoauriadar node much dcj)ressed, tlic 
former ma) become the pacemaker for tlie whole heart and the ven- 
tricles may beat synchronously with the auricles or just before oi after. 

{(t) Disturbances of the Pacemaktng Functiou: (i) Premature beats. 
Irritable foci m tarious parts of the heart may initiate single or multiple 
beats at rates faster than the stnoatirictilar node. The origin of these 
beats may be: 

(a) Auricular 

(b) Ventricular 

(c) A-V Junctional 

(d) Unknown 

(2) Parovysinal tadiycirdia. If the irritable focus produces impulses 
in a connected senes, a paroxysm of rapid beats may occur. These may 
also be: 

(a) Auricular 

(b) Ventricular 

(c) A-V Junctional 

(d) Unknown 

(3) Auricular flutter. This disturbance is apparently due to a "circus 
movement" or wave of excitation circulating about the great veins at 
the base of the heart and sending off impulses regularly to tlie rest of the 
heart at a speed of 200 to 400 per minute. A regular grade of block usu- 
ally exists belvvcen ibe auricles and \cn\Ticles, gentrally 2’. i. The con- 
dition may be: 

(a) Paroxysmal 

(b) Permanent 

(4) Auricular fibrillation Tins rhythm is a more advanced stage 
of the circus movement than aiiricular flutter, and more rapid (average 
rate in the auricle 300 to 500 per minute) and irregular. An irregular 
degree of block exists between auricles and ventricles: 

(a) Paroxysmal 

(b) Permanent 
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(5) Ectopic auricular rhythms of other nature than paroxysmal 
tach)cardia, auricular flutter, or auricular fibrillation Such rhythms are 
of obscure mechanism and are relati\el> rare 

(6) Ventnctihr fibrillation This rhythm is not compatible uith 
life for more than 1 very short time and has been rarely proved by elec 
trocardiogram although it may perhaps be 1 common terminal state of 
the heart muscle Its mechanism is apparently similar to that in the 
auricle in auricular fibrillation A more common rhythm although also 
rare is a more regular type of ventricular flutter apparently a state inter 
mediate betueen ventricular paroxysmal tachycardia and fibrillation 
It may occur in attacks associated with syncope and carries a grave 
prognosis 

(c) Disturbances of Conduction 

(1) Aunculoventricular block 

(a) Partial 

1 Prolonged conduction time (over 02 second and m 
young children over 0 15 second) between aun 
cle and ventricle 

a Occasional dropped beats (failure of the ventricle to 
respond to every auriailar impulse) 

3 High-grade block (such as 2 i 3251 and 4 1) 

(b) Complete Idioventricular rhythm The auricles and 

ventricles arc entirely dissociated the ventricles beat 
ing at a rate usually between 30 and 40 

(2) Intraauncular block (produced in experimental animals 

but not clearly demonstrated yet in man) 

(3) Intraventricular block 

(a) Incomplete bundle branch block 

(b) Bundle branch block (right or left) 

(d) Abnormal Electrical Axis Deviation (Right or Left) Deviation 
of tlie electrical axis to the right (inverted Q R S m Lead I and upright 
QRS in lead III) is found in the vertical type of heart as in tall 
thin individuals with Ion diaphragms and in peisons having right ven 
tricular enlargement (due to mitral stenosis congenital pulmonary 
stenosis and cor pulmonale ) Deviation to the left (upright QRS 
in Lead I and inverted QRS in Lead III) is found in chose uath the 
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horizontal t)pe of heart or i\iih left xentncuhr enlargement (due to 
hypertension aortic regurgitation or stenosis or myocardial infarction) 
(e) Abnormalities of the ST Segments and T Tl ones The most 
important of all electrocardiographic changes are those of displacement 
of the ST segments and intersion of the T trates They indicate toxic 
acute degeneratne inflammatory or ischemic changes in tentricular 
muscle and are found most commonly m cardnc infarction 

II Faulty Cardiac Efficiency 

(n) J entricular ueakness with or uithout obtious congestion 
( congestite failure ) 

(i) Left uitli or uithout pulsus aliemans 

(a) Right 

(h) I entricular ischemia due to coronary insufficiency tvith or tvitli 
out angina pectoris 

(c) Auricular iceakness Of failure cspecnlly in am icular fibrillation 

(d) J alvular iticomffeleticy 

(1) Mitral 

(2) Aortic 

(3) Tricuspid 
(}) Pulmonary 

(e) Adams Stokes syndrome, due to lieart block uith rentncular 
standstill 

III Faulty Vascular Efficiency 

(<j) Hypeitension 

(b) Hypotension 

(c) J oscular spasm (cerebral crises Raynaud s disease) 

(rf) I oscular dilatation (\asomotor shock) 

IV Faulty Cardiovascular Efficiency 

(n) Combination of JJ (Faulty cardnc efTiciency) and III 
(Faulty rascular efficiency) 

(b) Coronary insufficiency uith or uithout angina pectoris 

(c) T', eurociTCulalory asthenia ( effort syndrome or the 

soldiers heart ) 

D CARDIOVASCULAR ABILITY 

1 Patients uitli organic heart disease able to carry on ordinary ph\si 
ml actiMiy uitliout discomfort 



INTRODUCTION 


13 


2. P.itients uith org.injV hc.in fHscjsc unable to enrr) on ordinary 
phjsical aciiviij ^vhboui di«oinfori: 

(a) Act'nit) sllghtlj linuted. 

(b) AciiMi) greatl) limited. 

3. Paiicnis \\iih organic heart disease and t\iih s\mj)ionis or signs of 
beau failure when at rest, umhlc to carr> on an^ pli^sical actissi) with* 
out discomfort. 

n\ainples of the application of tins simple and useful classirication 
.lie liie following: 

Case I Bo^ of 8 >c.irs Cougciiital heart dist.ise with ihc iciralogs 
of r.tIlot. norju.ll rhjtlim and grcaih Iiniiied .icmifi 

Cme 2 Woman of 28 \cars Riicuiuaiic lican dtsiMsi aruie anil 
chronic, with mural stenosis, auricular fibrill.uion, and sligliih limited 
actiMt). 

Cojr S Woman of 35 soars fmiahlc iiorm.il heart svith p.iro\ssmaI 
t<tdi}cardia, ncuroarciilaior) asihcni.i and c.ird).ic Jicurosis, fi.iifnl but 
able to carr) on unmial aciisits 

Crtjc / Man of *15 scars Cirdiosascular ssplnhs ssith anturssm of 
llie asecndiug aorta, aortic ugurgiiation, congesnst failure, un.d)lL' to 
carrj on ans effort 

Case 5 Woman of 58 scars tlsficrunsise heart disease, slight ur 
diac enlargement, aide to cans on nonnalls 

Ctwe 6 Man of 03 >cars Conmar> heart ihsiasc wuh acute orclusitm 
due to thrombosis, myocardial infarction at the apex of the left scntricle. 
icnfricubir pranamre bc.iii. ,1 complete un.ibd pm trm 
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CONGENITAL CARDIAC ABNORMALITIES 

By Maude E. Abbott, M.D., LL.D. 

Synonyms: Congenital cardiac disease; congenital diseases of the 
heart; cardiovascular anomalies of congenital origin; congenital cyanosis: 
cyanopathia; morbus caeruleus; blue disease. 

Definition: Conditions in which, through arrest of development or 
disease occurring in intrauterine life, alterations in the anatomical struc- 
ture of the heart and great vessels exist, which lead in the majority of 
cases to irregularities in the circulation, producing (a) cardiovascular 
strain, or (i>) interference with proper aeration by an anomalous shunt 
of venous blood into the arterial stream by way of a defect, or by increas- 
ing deoxygenation in the capillaries, or by a combination of both these 
factors. In the latter evct:ts the symptom-complex of congenital cyanosis 
appears as soon as the "threshold-ralue” of raised oxygen-unsaturation 
is reached, and the characteristic picture of morbus caeruleus develops in 
all those cases in which these abnormal conditions of the circulatron 
become permanently established. 

Varieties: According to the clinical features presented and the 
stritcuirai changes underlying these, the lollowing types may he dis- 
tinguished: 1 

I. Acyanotic Group: Tliesc arc the cases in w’hich no abnortnal 
communicalion exists between the venous and arterial streams but in 
which the medianical interference with the circulation itiiroduced by 
the anomaly makes this the seal or point of origin of cardiovascular strain. 
In this category should be included: The left-sided valvular stenoses 
or insulficiencies, anomalies of semilunar or auriculoventricular cusps, 
coarctation and hypoplasia of the aorta, primary congenital hypertrophy, 
congenital rhabdomyoma, pericardial defect, anomalous septa, ectopia 
cordis abdominalis (which cases may and do survive into adult UCc) . 

( 14 ) 
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congenital arteriovenous aneurism anomalies of the aoitic arcli and its 
branches of the pulmonary artery and of the great venous trunks 

II Cyanose Tardive Cases of arlertmenous sfiuni uith possible 
temporary or late reiersnl of floii, nanosis absent eveept as a transient 
or terminal phenomenon These are Localized uucompheated defects 
of the tuteraimcular, uiterventriculnr or aortic septa, patent foramen 
01 ale and ductus aitcnosus Here the pressure being pliysiologically 
higher on the left or systemic side of the defect arterial blood passes 
from left to right through the defect and no cause for cyanosis exists 
until through the onset of pitliological conditions in the right heart or 
lungs m later postnatal life the relative piessure on cither side of the 
defect changes and that in the pulmonary circulation and right heart 
rises this causes a reversal of the direction of the sliiint nJneh non 
passes from nglu to left through the defect and becomes venous arterial 
m character resulting iii the appearance of tlie phenomenon of so-called 

late cyanosis first described by Bard and CunillctS as characteristic 
of the clinical picture of pitent foramen ovale 

III Cyanotic Croup (true Morbus Cacruleus) Cases of pirnianent 
t cnous-crtcrial shunt and iightsided valvular lesions nith or uiihout 
septal defect These are usually grave and complicated anomalies in 
which a large volume of venous bloo<i passes continuously into the 
irtcrnl stream by way of the defect resulting in the early onset of per 
sistcni and piogrcssively increasing cyanosis with clubbing and other 
attendant phenomena Such arc Complete absence of the cardiac or 
ventricular septa (cor bilocuhrc or triloculare) persistent truncus 
arteriosus pulmonary and tricuspid stenosis sMth closed ventncuhr 
septum but patent foramen ovale pulmonary stenosis with ventricular 
septal defect and dextroposition of the aorta (tetralogy of Tallot) 
pulmonary tricuspid aoitic and mitral atresias (m all of which a ven 
tncular septal defect or patent foramen ovale is present permitting the 
circulation to be earned on and giving passage to a jicrnnncnt venous 
arterial shunt) transposition or reversed torsion of tJic arienal trunks 

pure congenital dextrocardia (always complicated by grave cardiac 
anomalies) etc A few cases arc rccordctl of pulmonary and tricuspid 
stenosis utth closed septa In these cyanosis when it appears must be 
due to increased dcoxygeiiaiion in the capillaries 
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IV Cases of No Chnical Significance In iddition to the nbove t>po 
oE congeninl cnrdnc ibnonmhties ill of clinicil import a fointli 
group must be differentiated t\hicli js of puiel) academic interest but 
must be recognized as such These are the cases of no chnical significance 
either because {a) the cardiac deformit) is of so gra\e a nature tint 
hfe cannot be earned on as in acirdiac monsters ectopia coidis cer\icahs 
(nonviable) etc or (b) because the anatomical changes of tlie defect 
are not such as to impaii the efficiency of the heart or to bring its struc 
Hires into abnoimal relations iviih the rest of the cardioaasctilar tree 
This IS the case in miiTor picture dextrocardia with complete situs 
intersus Mscerum bifid apex double mitral ostium persistent left 
superior cat a etc 

ETIOLOGY AND PATHOGENESIS 

By fai the commonest cause of congenital cardiac abnormalities is 
arrest of develofirnent of the heart occurring in the gicat majoiity of 
the cases between the fifth and eighth neehs of fetal life, arrest before 
this time usually rendering the embryo nontiable and closure of the 
cardiac septa occurring at the end of the latter date The gra\er 
anomalies of the cyanotic group probably take origin in the earlier part 
of this period (fiftfi and sixth weeks) when dnision of tlie atrio 
\eniricuhr canal and truncus arteriosus is proceeding coincidently with 
shifting and rotation of these parts upon tbemsehes in the median axis 
of the heart and while involution of the primitive bulbus cordis and 
ti uncus arteriosus is taking place Interference with growth at any point 
at tins critical time is liable to give rise to further anatomical changes 
of a compensatory nature rendering the end result as seen in the fully 
developed heart after birth at first sight bizarre and confusing Closer 
observation however shows that the conditions presented are merely 
adaptations of structure for the maintenance of the circulation under 
the anomalous conditions imposed by the defects which follow simple 
mechanical and hydraulic laws Moreover the phylogenetic telescoping 
of ontogenetic stages that takes place in human development is nowhere 
moie convincingly mirrored than in this field of cardiac abnormalities 
and in the light of a clear visualization of the phases through which 
the embryonic heart travels and of the prototypes of these as seen in the 
fish reptilian and anipliibian heait the most complex anomaly becomes 
reduced to ven simple terms which he who runs may read It follows 
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tliat an elemcmav) knowledge of embryolog) and cojnjMrniivc anaunin 
is essential for an intelligent grasp of tills subject and of the possiijih'nes 
imolvetl in anj combination of defects. Tor a brief sur\c\ of the main 
facts in the dexelopmcnt of tlic licaii, lefcrence should be made to one 
of the standard monographs on congenital cardiac disease In \'icronh. > 
Keith,'* Abhott,^ Heixlieimcr,*' Monckcherg,<'“ or Lanbr^ and Vcr/i ~ 
The causation of the arrest of growth tliat so frcquetuU dcicrmmcs 
the existence of a cardiac anomalt should be sought chien) in the cm iron 
nient of the developing embrso. tn the form of disease in llic fetal 
cm elopes or maternal tissties, infecinc processes affecting tlie health of 
either parent at the time of conception, physical trauma or even psvcluc 
shock inflicted upon the mother in the first weeks or davs of picgnann 
etc. AH such pathological conditions set up or acting tti ulcro. arc liable 
to interfere v\ith perfect uniformity of grouib, minor deviations from 
vvhicli at this carl) periotl v\iU resuU m slight asvinmcincs, v^hile gravei 
aberrations, such as those inducctl b> mechanical torsion from aninioth 
adhesions, or other force. uiH eiitl in all forms of monstrosities That 
this is so, is abundantly demonstrated by the frcqucncs of dssrxiated 
anomalies elscvsherc in the both of an individual tlic subject of a cartliai 
defect; these occurred in 17 per cent of the 8^0 cases of tongeimal catdi.u 
disease witli autops) analyzed by the writers from the liicraiure. and in 
II per cent of the 700 coilcctcd b\ Vicrordt,'^ while Keith found an 
anomaly of the lieart in i y of 2<i malformed fetuses examined. In 2 } 
cases of complicated defects of the cardiac sejna, Rokitansky ’> found eight 
W’Uh grave somatic malformations It is proved also b\ the not umisunl 
occurrence of cardiac anomalies in ocher members of the same genera 
tion (lirothcr or sister), and by the history that frcquL’iitlv exists of 
infections, heart disease or sspliihs in one or other parent, as also by 
ihe frequency of congenital lues in the subject of the dcfeit Heredity 
is apparently of relatively small inqxrrtance as a factor in cardiac anom 
aiies, thougit the association in some cases of condinons of known 
familial tendenev. such .is poly<I.ictylism. is undoubtcdlv significant and 
there are other facts pointing in this direction. Ihii the earU .age .u 
wliich most of the palienis die prevents the transmission of qualities 
inherent in the germ plasm to .another f'cnemiim and inijHxIcs ilie 
atcunuilation of any s{gnifi<.nnl st.uistical evideme of v.ehie for nt 
against such conclusions 
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The otlier etiological factor in die production of cardiac anomalies is 
fetal disease, both endocarditis and m>ocarditis. Less stress sliould be 
laid on fetal endocarditis tvhich is, howeser, undoubtedly the cause in 
the relath el> small group of congenital valvular lesions occurring in the 
later months of pregnancy after the cardiac septa have closed. Of much 
greater importance is fetal tnyocardtlis, which has been shown b) von 
Zalka^ and others to underlie man) of the cases of aortic or pulmonar) 
atresia which are commonl) associated with septal and other defects, 
and constitutes one of the gravest forms of morbus caeruleus. 

Pathogenesis of Congenital Cyanosis: Raised oxjgeii unsaturation 
of the blood, which reveals itself chnicall) b) the appearance of qanosis 
ma) be the result of a variety of causes, acting singly or in combination 
Those actually producing it have been termed by Lundsgaard and van 
Slykeio influencing factors and are briefly (i) Diminislicd oxygenation 
in the lungs due to pathological changes in the nlveoh or capillary vvnils, 
or to lowered oxygen tension in the inspired air (C factor); (z) direct 
entrance of an anomalous current of venous blood into the arterial 
stream by way of a defect (alpha shunt); (3) increased dcoxygenation 
at the periphery of the body (D factor) , (4) an abnormally high 
hemoglobin content. Congenital cyanosis is protlucctl by the second 
and third of these factors, namely a permanent venous arterial shunt and 
increased deoxygenation m the capillaries. In all cases, however, of long 
standing, secondary changes in the pulmonary capillary vralls and com- 
pensatory polycythemia develop, so lh.it all four "influencing factors" 
finally come to take part in the distressing clinical picture of the advanced 
stages of morbus caeruleus 

In addition to the above which are directly causative or "determining," 
cerrain other so-called "modifying" factors (Lundsgaard) come into play 
whicli tend to alter the "iliresliold value” at winch oxygen unsaiuration 
in the capillaries becomes manifest to tlie eye as qanosis. Such are: 
Thickness of the epidermis, variations m the skin pigment and altered 
color of the blootl plasma, variations in the oxvgcn diMociatlon-cunc, 
and in the number, w idth, length, and distribution of the skin capillaries, 
which differ widely m different normal individuals (Krogli,l2 Rcdisch 
and Roslerii) 

The amount of the venous ancnal slmm may be calnilated in terms 
of percentage of the total blood flow from formukas based on the follow- 
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ing \’aUies experimental!) tleiermined: {«) The ox>gen content of tijc 
mixed arterial blood; (b) die ox)gen content of the arterial blood as it 
leaves the lungs; and (c) the ov)gen content of die mixed \enons blocxl 
entering the right auricle. Of Uiese \alues, the first luo can be readiK 
obtained. Tlie third, hot»c\cr, that (c) of the o\)geti content of the 
mixed \enous blood entering the right auricle, presents great practical 
difficulties, since this figure cannot l>e directl) determined in the human 
subject, as in the case of experimental annuals (Ziint/i^). \'arious 
attempts have been made to soKe this problem b) subsiitiuing othci 
values for those of the \enonsox>geii content- Of these, probabl) the 
most exact method is that folloued b) ^Veiss and Loubeeri^ iu ^jhat 
must be considered to lie the most complete calculation \et published; 
in it, they compute the %enouso\)gcn content from the basal metabolic 
and cirailation rates, the latter figure obtained b) the method of Krogh 
and Lindhard.i''* IV T. Da\vsonJ<» proposed for ilie solution of this proh 
lem both the a\oidance of the use of the senoiis-o\.)gen content and the 
computation of the circulation rate b> subsiiiming for the latter the 
values determined b) ^feahllls. Dautrebande and Tetter for the rate of 
flow in a case of mitral stenosis, tn which lesion circulator) conditions 
not unlike those in pulmonar) stenosis might be assumed to exist His 
calculation, as well as (hose of Weiss and Lbubeer and of Harold .N 
Segall on two cases of iciralogv of Falfoi studied by the latter, are quoted 
in detail in a full discussion of this subject published b) the writer.!" 

PATHOLOGY 

The pathological changes in congenital cardiac abnorniahtic^s form 
a ver) complex and diversified field, for they include both those condi 
Uons produced antcnaiallv b> arrest of development or fetal disease, and 
also those of later i>osinatal life, the result of compensatory changes 
secondary to ilie defect or of the infective processes that so commonly 
supervene. Only the more important lesions will be briefly considcreil 
here under the clinicopalhological grouping outlined above. v\liirh 
greatly simplifies the presentation of this otherwise dilficult subject 

I. Lesions of the Acyanotic Group : (a) Prricauhal Defeds: These 
vary from complete absence of the parietal layer, as in the nonv table 
forms of ectopia cordis, to a more or less extensive defect of the left side 
of (his structure, so th.at the j)cricardial cavitv commnnic.ntcs freely with 
the left pleura cither by a localiml opening with serous margins or 
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(and this less rirel>) bj a defiaencj so large tint the heart and left lung 
come to lie m i common cavity Tlie left phrenic nerve is displaced to 
the right m a degree incieasmg with that of the defect a point of value 
in the diagnosis of congenital origin The pathologiail significance of 
this condition lies in the abnormal jiiMajxisition of the serous surfaces of 
the heart and left lung which predisposes to innammatory processes in 
both and in the existence of a cor Tuobtic with consequent tendency to 
kinking of the great vessels and death 

In eclofmi cordis the heait is extruded from the thorax and conits 
to he outside the body or in the abdominal cavity The only viable 
forms arc those of pectoral heart with inferior sternal fissure and both 
layers of the pericardium present and abdominal heart in which the 
organ is protruded tluough a defect in the diaphragm into the abdomen 
Other forms of congenital displacements of the heart are the dextro 
cardias, due either to i transposition of the heart upon itself to an arrest 
of development at an early embryonic stage or to a combination of these 
two conditions such as usually occurs m the so-called {)nre dextrocardia 
in which muTor picture inversion of the heart is unaccompanied by situs 
inversus of the viscera on account of the grave associated anomalies 
these cases fall into the cyanotic gronp but tlie condition is memioncd 
here as it does not m itself ptotliicc cyanosis \ condition that must be 
clearly differentiated from de\trtx:aulia (due to factors intrinsic in the 
heart itself) is tint of dcxtrovcrsio cordi% in which the heart is mcchin 
ically pushed or pullcti over to the right side by pathological changes 
in other parts of the thorax as m congenital cystic disease of the left lung 
(b) Anomalies of the Heart as a fl hole So called primary conf'eiulal 
hypertrophy is a condition which nny be present at birth m the absence 
of any valvular or renal lesion glycogenic infiltialion or other apparent 
cause In several of the cases of this condition reported a curious anomah 
origin of the left coronaiy from the pulmonaiy artery was associated and 
in one at least of these microscopic examination revealed areas of myo 
cardial degeneration and fibrosn which apparently had an etiological 
relation to the hypertrophy of congenital origin that undouhtcdly coex 
isted In the remarkable tasc of tins combminon studied clininlly by 
niaiul White and Garland and rejKiilctl by these uitliorsiR a dtfiimc 
symptonntology signifitini of myot mini clniigts iii (oroinry disctvc 
existed The patient a male infant aged 51/. months appeared normal 
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until the tenth A\cek, uhen parox)smal anginalike attacks of acme dis 
tiess, e\j(lentl> of caichac origin, set in, accompanied b> signs of shock 
and sometimes folloued h> transient loss of consciousness (Stokes-Adams 
s)ndrome). Tiie elect! ocardiograin shoued normal axis delation but 
uell maikcd nncrsion of the T waves in all leads (coronary type) 
Cougemiai rhabdom'^oma is another obscure condition of great interest 
m It the Iieart is the sue of solitary or multiple tumor nodules consist 
ing microscopically of a delicate reticulum supporting hcierogeneous 
cells having an incgularly striated and vacuolated structure with 
peupherally placed nuclei resembling Purkmje fibeis, while the brain 
and icnal coitex show, in ahnust all the cases cxarained, disseminated 
areas of embryonic tissue Multiple skin papillomas arc frequently also 
associated The subjects of this curious condition may hvc on into adult 
life hut in that event they are usually afflicted with idiocy or epilepsy. 
the result of tlie cerebral sclerosis (Steinbissif) Coogeutlnl heart block, 
a rare condition of great interest, is symptomatic ot the defiecnon or 
interruption of the fibers of the bundle of His in tlieir passage from 
auricle to ventricle bv a cardiac septal defect or by a pitch of myocardial 
degeneration or fibrosis Only seven of the reported cases of congenital 
dissociation in the presence of a defective inicrvenincular septum have, 
so far as is known to tJic uriici. come to autopsy Of these, four have 
been studied histologically m seiial sections made through the atrio 
vtntucular node and the enure bundle of His region, and m all so inves 
tJgaied, direct interruption of the fibers between these two structures as 
a part of ilic devclopnienial anomaly was clearly demonstrated In the 
first of these cases, that observed by Wilson and Grant , 20 a cyanotic infant 
of 14 months with absence of the imcrvcntncuhr septum and pulmonary 
atresia which hid presented during life a 2 to 1 heart block— alterations 
were found in the bundle fibeis before these bad left the auricular region 
The second case (the first of Yaicr’s 2 i three cases of complete congenital 
Iicirt block serially studied) , a cyanotic male infant, 19 days old. present- 
ing a small ventricular defect with incomplete hetoroiaxy and complex 
somatic anomalies, tlie complete anatomic separation of the a \ node 
from the bundle” nndc passage of the impulse to the ventricle imixo 
sihk In Yatci s stioml rase (Uiiid in the series), rejioried by bun in 
ronjunctioji with Lyoii and McXabb.Sia a male infant aged two niomlis 
sufrciing horn cyanotic ilyspnoeic attacks, the heart presented a Large 
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ventricular septal defect with complete absence of its membranous por- 
tion and the bundle of His was practically absent “as though punched 
out by the defect,” while the av node was practically normal in struc 
ture though somewhat displaced His third case (the fourth studietl 
serially in the literature) reported by him with Leiinan and Cornell, 
was a cyanotic male infant dying at i8 hours, which presented a coi 
trilobulare bivemnculosum, practically complete absence of the auricular 
and of the membranous portion of the ventricular septa Here there vx-as 
again no connection between the common aimcle and the ventricles, the 
tltssociauon having been caused by “complete anatomic separation ol 
the muscular conduction bridge ” 

An interesting case of acquired complete heart block, the direct result 
of sclerosis dev eloping along the free liorder of a defcctiv e interv entricuhr 
septum, has recently been serially studied by Yater, Bimer and 
McNabb 21c xhe patient, a woman of 57, developed definite Adams 
Stokes attacks some two and a half years before death with delayed P*R 
intervals and an intermittent heart block, which progressed under 
observation to total atrio-vcntncuhr dissociation, a condition that 
became permanent during the last six weeks of life Death followed 
prolonged attacks of syncope v%ith convulsions Autopsy shoned a huge 
persistent ostium primum with sliglitly defective ventricular septum, the 
mural and tricuspid septal cusps becoming continuous acioss its Iiec 
border The bundle of His, which ran along the latter, were markedly 
fibiotic, though the bundle branches bclou this area were intact and the 
av node was of normal striictiirc though somewhat dislocated from us 
position on die defect This was apparently the third case of persistent 
ostium primum in winch the course of the conduction fibers was serially 
studied, the others being by Morison and Monckeberg 21c The seventh 
case of congenital heart block with autopsy (not scrnlly studied) in the 
literature is tint by Dr Allan Roos. figured in Abbott’s Aths of Con 
genual Heart Disease, Plate XXV Figs ja, b, c 

(c) Anowalous bauds and chordae occur and vary considerably both 
m pathological interest and in their etiology, according to ilieir location 
m the different heart chambers In the rigid auricle a dcbcaie lencMrateil 
membrane or system of fine strands (network of Chian) , contmuous with 
the eustachian or thebesian valves, may stretch across the cavity to be 
attached to the upper part of die aiinadar septum or adjacent parts, it 
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represents a persistence of tlie \alv'ula \enosa dextra, or sinistra, and is 
usuall) of httle clinical import but ma> form a nidus for thrombotic proc 
esses leading to pulnionarj embolism In the left auricle a curious 
anomaly may occur from the deflection to the left of the septum pnmum, 
and the entrance of one or more of the pulmonary leins into the small 
canty so formed at the right upper part of the left auricle, forming what 
has been termed a double left auricle , the anomalous septum thus 
fonned is usually a strong tendinous nail uluch carries a hole or opening 
(the foramen oiale) through which the blood passes from the right 
upper caMty into tlie lower pan of the left auricle and thence to the 
mitral ostium, a certain amount of cardiac strain follows from the 
hampering of the blood stream so produced and several of the cases died 
at a relatively early age lutli signs of failing compensation (Church,22 
Borst,23 Willnm and Abnkosoffs^) Anomalous chordae in the left ven 
tncle occur, sometimes taking origin from the walls of this cavity and some 
times extending downward through the mitral orifice from an attachment 
m the left, or even in the right auricle (Goforth25) these may give rise 
to unusual adventitioussounds but are othenvise unimportant 

(d) Anomalies of the Semihnmr Cusps The aortic and pulmonary 
segments may be increased or (Itmtinshed in number as a result either of 
excess formation or congenital arrest of development Supernumerary 
cusps are commonest at the pulmomry orifice but occur in botli locali 
ties Four or even five segments (Peacock26) mry exist and, of these 
tv\o may be congenitally [used or incompletely divided, presenting a 
combination of both types of anomaly Reduction in number of the 
cusps is, however, more frequent than their increase and a bicuspid aortic 
valve 15 a fairly common abnormality, occurring either alone or m com 
bmation witli certain ‘ left sided ’ lesions, especially coarctation and hypo- 
plasia of the aorta, subaortic stenosis, patent ductus arteriosus, localized 
defect of the inten entricular or aortic septum and persistent left superior 
cava The anomaly may consist of only two segments without trace of 
a third, and these are usually large and well formed and perfectly atlapiecl 
to close the arterial orifice in the aijsence of postnatnl infi-immatorv 
processes, which are extremely common and lead to thickening irid 
deformities along their line of closure, resulting in incompetence and 
obstruction More commonly, however, one of the two cusps forming 
the valve presents on its arterial surface a low partly obliterated raphe 
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which represents tlie coiuignous margins of the combined cusps and 
parti) dnides the sinus of \'als-il\a behind it The partial effacement of 
this raphe and the compensator) changes in the length and depth of the 
composite cusp to adapt it to ns function of closure of the orifice i\luch 
It screens, tv ere points stressed b) Osler^T and others as differentiating 
the cases of congenital origin from those due to postnatal inflammatory 
fusion Lotus Gross, houexer, showed on tlie basis of a careful serial 
stud) of iG adult hearts2S tliat such macroscopic criteria are of relatitely 
little significance in determining the antenatal character of the lesion, 
and he concluded further, as did Bishop and Trubek,,29 that the micro 
scopic etidence of this, as adduced by Lewis and Grant'^o m then clissic 
histological study of the architecture of the %aKe, should be revised in the 
light of a thorough serial study of the raphe m such instances as are 
undoubtedly congenital m origin These are the rare cises m infants 
in which a delicate raphe is present without anv trace of innammatory 
fusion, as also those occurring in young subjects with multiple associated 
anomalies. The grave clinical import of a bicuspid aortic valve hcs in 
the nidus this presents for the invasion of infective processes (Osier, 27 
Lewis and Grant^O) and also the frequency of rupiuie of the aorta 
(BabesSi and Deteindre) Bicuspid pulmonary valve is rarer than 
bicuspid aortic as an isolated lesion in combination however, uith 
hypoplasia of the pulmonary artery m the developmental type ol 
pulmonary stenosis (tetralogy of ralloi), it is a relatively common 
anomaly 

(e) Leftside Valvular Lesions Subaortic stenosis is a curious 
annular thickening of the endocardium of the left ventricle a few milh 
meters below the aortic valve and involving the base of the anterior 
mitral segment, which leads to a localized narrowing of the cavity and 
IS in some cases at least, of congenital origin Its importance lies m the 
tendency which it presents to become the seat of an acute infective or 
chronic inflammatory process in early adult life, and the marked physical 
signs to which it gives rise in tlie absence of signs of serious obstruction 
of the aortic orifice Stenosis of the aortic valve itself, as a result of fecal 
endocarditis, is not very uncommon and interesting cases of aortic dwarf 
ism from this cause are recorded 

Congenital mitral stenosis of inflammatory origin is probablv niiicb 
less frequent than was formerly supposed by the French wTiters when it 
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occurs. It IS not uncommonU issoanted wuli a patent foramen o\ale 
leading to the clinical picture described b) Luiembacher 32 as mural 
stenosis A\Uh interauncular iiisufficienc>, though this combination ma> 
also occur posmatallj, through the forcing open of a slitlike \al\ailar 
piteuc) b> the raised pressure in the left auricle of an acquired mitial 
stenosis Donnalljts collected 12 cases of congenital mitral stenosis in 
infants betueen one da> and 314 >ears old but in onl) iwo of these 
i\as the lesion plainl) inflammaior) and due in the opinion of this 
author, to an infection m the parturient mother in sin of the others 
there uere structural changes m tlie raise of the nature of an arrest of 
development, and in four a septal defect s\ith superimposed endocarditis 
In his os\n case the mitral orifice was minute and provided uith a bagg> 
undifferentiated salve, the left ventricle v\as aplasic and the aorta rudi 
mentary, the ventricular septum entire and the foramen ovale and ductus 
arteriosus patent Such cases as well as aortic and mitral atresias the 
result usuall) of a fetal m>ocardms just below the valve or of a pnmarv 
arrest of development belong however in the c>anotic group and are 
onl) enumerated here for the sake of brevii) 

(/) Coarctation of t/ie Aorta (Adult Type) In this cunous anomalv 
there is a nanovang or stenosis amounting in some cases to complete 
obhtentton of the lumen of the descending arch of the aorta at a point 
usuall) situated at or below the entrance of the ductus arteriosus which 
is commoni) closed and is represented b> a fibrous ligamentous cord 
The condition is apparentl) due to a fault) involution of tlie distal por 
tion of the embrjonic sixth left arch (ductus) at its junction with the 
primitive left fourth (winch persists as the descending tlioracic aorta) 
The changes resulting in tlie w all and lumen of the aortic isthmus become 
apparent as soon as tlie pulmonarj circulation is established at birth 
when the obstruction thus produced m the aorta makes itself manifest 
b) a rise of pressure in the arteries of the upper part of the bod) The 
result IS the gradual establishment of a collateral circulation in the form 
of powerful anastomoses developing between the v essels gis en off from the 
aorta above and belou the point of constriction (superior with inferior 
intercostals deep epigastrics witli internal mammaries etc) b> means 
of which life IS maintained and the arculaUon earned on in some cases 
with little functional disturbance and with but slight evidence of the 
extraordinar) deforimt) that exists Usual!) however, a var)ing degree 
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of strain is imposed ^Nhich reveals itself by symptoms of sascular turgidit^ 
m the upper part of the body, and not infrequently leads to a fatal and 
dramatic termination in early middle life 

Among 200 cases with autopsy (including one personal observation) 
collected by the t\Titer34 from the literature there were 47 of complete 
atresia of the descending arcli 108 of extreme stenosis of the lumen 
uhich admitted a fine bristle to a crowqmll and 45 of stenosis of mod 
erate grade In jo of these ^oo cases death took place suddenly from 
rupture of the aorta and in 2^ others from cerebral causes usually 
hemorrhage in ruptured congenital cerebral aneurysm in 14 other cases 
there was mycotic endarteritis of the aorta and in three of these rupture 
of a mycotic aneurysm at the seat of coarctation occurred Hypoplasia of 
the aorta and arterial system generally is commonly associated and may 
have a causal bearing on these fatalities and a bicuspid or otherwise 
anomalous aortic valve was present m 50 of the 200 cases In the writer s 
own case (reported with F Hamillon35) a boy of 14 with complete 
obliteration of the aortic isthmus at the point of insertion of the hga 
mentiim artenosum a bicuspid aortic valve with dissecting aneurysm of 
the dilated ascending aorta and enormous dilatation and hypertrophy of 
the heart secondary to an aortic insufiiaency of long standing and sub 
aortic stenosis death took place from cerebral hemorrhage eight hours 
after the onset of a liemiplegia 

Other conditions of this group of some clinical importance are 
anomalies of the aortic arcli especially double aorlic arch, m which a 
vascular ring is formed by persistence of the fourth right arch the 
esophagus and trachea being enclosed between the two and right aortic 
arch in which the fourth right arch has persisted but the fourth 
left arch (normally the descending thoracic aorta) has disappeared 
and in v\hich a vascular circle may again be formed if a patent 
ductus or ligamentum artenosum persists and passes backward from 
Its origin in the left pulmonary artery behind the trachea and 
esophagus to meet (he anomalous right arch as it descends Hypo 
plasia of the aorta winch is commonly associated with other anomalies 
occurs also alone and produces a characteristic habitus which is to be 
recognized as a distinct clinical enuty 

II Lesions of Artenovenous Shunt (Localized Septal Defect) 
(a) Defects of the mteraiiricular septum may consist of a pennanenlly 
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widely patent foramen ovale (not a \3Uular slii) , or there ma> be an 
opening abo^e and behind the position of the fonrnen, in uhtch case a 
displacement to the right o! the right pulmonar> s cins, so tint these look 
into the right auriclci is commonly assoented, oi it mav be situated 
below, witli Its upper margin fonned b> the lower free border of the 
interauricular septum (persistent ostium prtmum) and in this c\ciu 
there is ahsa^s clea\age of the anterior segment of the mitral \al\e, pio 
ducing a congenital mitral instifTicienci or one or more of these defects 
may be combined isith each oilier or with multiple perforniions In 
either or all of these cases, if the auricular septal defects are of an) con 
siderable size, the) are practical!) nlua)s accompanietl b) marked h)pci 
troph) and dilatation of the right heart especially the right auricle, and 
dilatation with or without atheroma of the pulmonaiy arter) 

(If) Localized defect of the mlcrventncular stplum usually lies at 
the base just anterior to the pars mcmbraiiacca sept: and opens into the 
sinus of the right lenirtcle lichind the septal trictispid segment and in 
these imcomphcnted cases is usually \er> small, adnumng a knitting 
needle or a small probe, and Ins a rounded muscular lower border oftcji 
with tendinous thickened edges Less frequcntl), the defect lies in the 
anterior part o£ the septum and in this case it ojiens into the tonus of 
the nght ventricle just below the pulmonary salve More rarel) still, one 
or more small perforations exist in the lower pan of the intencntncular 
septum Usuall) sery httic change takes place m the size of eitlicr 
ventricle witli a localized defect in an) of these locations since tins is 
not of much functional importance 

(c) Localized defect of the aortic septum may occur eiilier as a holt 
between the aorta and pulmomry artery a short distinct* above the valve 
or as an area of congenital thinning with subsequent aneurysmal dilata 
tion m the right anterior aortic sinus of Valsah i, impinging upon oi 
opening into the right ventricle at the level of the pulmomry cusps 
This latter defect is not imeommoni) assticiated with bulbar septal defect 
in the anterior part of the interventricular septum just below the anterior 
aortic cusp Marked dilatation of the pulmonary artery, with hyper 
trophy and dilatation of the right ventricle, is always present when an 
actual commumcation exists through the defui or horn rupture of a 
congenital aneurysm **<5 
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(d) In patent ducttis artenostu tins vessel miy persist as a short 
canal o 5 to i 5 cm long or it may be n mere hole between the con 
tiguous right wall of the descending arch of the aorta and the left branch 
of the pulmonary artery, which vessel is practicall) alwa>s dilated as a 
result of the arterial venous shunt that is commonlj taking place m the 
uncomplicated cases The lumen of the canal or opening may vary from 
the diameter of a fine probe or bristle to that of a lead pencil and is 
usually wider on its aortic side where it ma) appear at the bottom of a 
tent shaped depression The margins of die pulmonary orifice of a patent 
ductus are peculiarly liable to become the seat of an infective endarteritis 
which may involve the aortic orifice and may spread to the adjacent or 
opposite walls of either or both vessels with fulminating course 37 

III Lesions of the Cyanotic Group* By far the most common 
abnormality m patients with congenital cyanosis reaching early adult 
life IS the so called tetralogy of Fallot, in which a congenital stenosis of 
the conus of the nght ventricle, VMth hypoplasia of the pulmonary trunk 
and frequently, a bicuspid pulmonary valve, is associated with a defect 
at the base of the interventricular septum and de\troposition of the 
aorta v\hich rides over the defect or rises entirely from the nght ventricle 
the marked hypertrophy of the right ventricle resulting from this com 
bination supplying the fourth element in the * tetralogy ‘ 

Less frequent and also of less serious import, is pulmounry stenosif 
u ilh closed ventricnlar septum, due to inflammatory fusion of the 
pulmonary valves in later fetal life after the cardiac septa are completely 
formed The converse is the case in pulmonary atresia 01 complete oblii 
eraiion of the outlet, which may occm with or without ventncular septal 
defect, the latier case, a patewt fotavnen os ale perrovts passage of Woovl 
to the left side, but life can only be sustained a few weeks, whereas 
patients witli pulmonary atresia ami ventnailar septal defect may live 
some years, in either event, a patent ductus is almost always associated 
In transposition of the arterial trunks the aorta aiises from tlie right 
and the pulmonaiy artery from the left ventricle in more or less com 
plete degrees of rotation The diffiaiU circumstances into which the cir 
dilation IS thiown is relieved by the remaining open of one or more of 
the fetal (xiss igts in ihe combin«l vents of 9^ casts iinly/cd on this point 
by Bokay3S niid tlie wriiti (I c p 7 -^ 1 ). the ductus was j»atent Gj 
limes there was an auricular septal defect or a patent foramen ovale m 
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(<f. In duitus nrurwsus this \e 5 sel nivy persist as a short 

cinil o r, lo 1 j cm 1 mg or u nrt) be n mere hole benseen the con 
nsuous right of «he aescciKling arcli of the aorn and the left branch 
nF the pulmomri irter) Mhich \c5sel is pncijcall> always dilated as a 
result of the artciial \cnoiis shwni that is commonly taking place m the 
nriaimphc and c tsts The Iwmcn ot the caml or opening ma^ \ar> from 
the (inin ici of a fine probe or bristle to that of a lead pencil and is 
iisu ill t iihr on its aortic side aihcre it ma> appear at the bottom of a 
itni dnpt.i thjircssjon Tlie margins of the pulmonaty oiifice of a patent 
ductus ai ». pet nUai K liable to become the seat of an infectn e endarteritis 
ishtcli nn\ m\oKe the aortic orifice and ma^ spread to the adjacent or 
opposite \ alls of cither ot both acsscls nitli fulminating course 3T 

in Lesions of the Cyanotic Group far the most common 
ahnormaUts in juticms uuli cougemial cyanosis leachmg early adult 
hfe is the so<aUccl te(mlog\ of Fallot in nhicli a congenital stenosis of 
t!ic lomis of the right seiiinclc uith hypoplasia of the pidmomry trunk 
and frequently a bicuspid pulmonary salve is associaied nith a defect 
at the base of the inters entricular septum and devtroposition of the 
aorta uliich rides oscr the defect or rises entirely from the right sentricle 
the marked liyperirophy of the right senincle rcsuUing from this com 
hmaiiou stipphing the fourth clemcm in the tetralogy 

I^ss frequent and also of less senotis import is pnlmomi) slerwsfs 
tilth rfoirif ttiitrindfir Sff>iutn due to inflammatory fusion of the 
puhnonais salves in later fetal life after ilie cardiac septa aie completely 
formed fhe coitscrsc is the case lu /iidmonnp, ntirsin or complete oblit 
Cl ition of the outlet uluch may occui with or without ventricular septal 
defect III the latter cisc a piicut foratneu ovale peimits passage of blood 
to tilt hft side but life can mils be sustained a few weeks whereas 
jwiicms srtili pulmonirv atresia and sentricular septal defect may Use 
same years m either cscni a patent ductus is almost always associated 
In irnmftmhon of the arterial trunfs the aorta arises from the right 
ami the pulmoinrs artery bom the. kft scmriclc in more or less com 
pleit degrees of rotation The dtfTicuU circumstances into winch the cir 
nihiinn is thuiwii is relieved by the rennnung open of one or more of 
thefcial . 1 , the cmubmctl sciics of pj eases maly/td on this point 

l.> TKl iIk ..mil (/ f ' p J.,) , 1 ,^ ,1..U.,S ..a, patim 0, 

llicrc ..T. n.. i..r.cuhr stpiil .Icfet or -i p«cm ror-...ic.i orale m 
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79 , and an iiitcnenmcular septal defect m gt. As in pnlinmnr) airesin. 
tlie presence of a \entricuhr septal defect is of major assistance in rchc\ 
ing the circulator) distress, and life tras sustained m one aisc pieseniing 
this combination until the si\tccRtli >c 3 r, sviiJi closed senincular stptnm 
hoi\e\cr (as shoisn b) ilie abo\c statistics the more frequent combim 
tion) , iransjiosition or ie\ersed toistoii of the great trunks is among ilic 
gi-a\cst fonns of nioibus caeriilcus and death occurs m infanc) 

Absence of the inlctventitcuhr septum (cor bialrtatum Irihculart) 
or of both auricular and ventricular septa (cor biloculart) leads to a 
pernnnent admixture of the \enous and arterial streams in the 5)siemic 
circulation nith a resultant serious degree of congenttil c)ariosis In both 
these conditions transposition of the arterial trunks is not infrequcnth 
associated and possibl) de\ clops as an adaptation for the better conduct 
of the circulation, for subjects presenting this Lombnniion commonl) 
surviie into adult life and present onl) a moderate degree of cjanosit 
The same applies to ilie form of tnloculatc heart produced b> tricuspid 
atresia with aphsic left \enincle and defect of the inters cniricuhr sep 
linn, thus, Hedingers-iO patient, in whom tlicse conditions coexisted 
Jived to ilie age of 7 O )cars and piesciued onl> an occasional blueness of 
the cheeks and bps In pcisistcnt (riincus arteriosus tlie aortic septum 
js absent and a single large mink provided uiih three or four or some 
times with five cusps (Sinionds-«<t) arises from right ventiiclc above a 
septal defect In aortic and mitral niresia cncnlaiioii is maintained b> a 
vMdel) patent ductus through the pulmonar) arlcr>, v\luLh becomes con 
tmuous with the descending aorta and thus supplies the s)stemic circula 
tion with mixed venous and arterial blood 
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(d) In [)alcnl ducius arteriosus tins vessel nny persist as a sliort 
ciinl o 5 to 1 5 cm long oi it miy be n mere bole between the con 
tiguous right wall of the dcsctmling irch of the nom and the left branch 
of the pulmoinr) nrtcr) which vessel is pricticall) nluajs dilated ns n 
result of the nrtenil venous shunt tint is commonly taking place in the 
uncomplicated cases The lumen of the canal oi opening nia) vary fiom 
the diameter of a fine probe or bristle to that of a lead jKiicil and is 
usually wader on us aortic side where it may apjicir at the bottom of a 
lent shaped depression The margins of the pulmonary otificc of a patent 
ductus are peculiarly liable to become the scat of an infective cndartcrilis 
which may involve the aortic orifice and nny spread to the adjacent or 
opposite walls of either or lioth vessels vnth fulminaUtig course 

III Lesions of the Cyanotic Group IJy far the most common 
abnornnhiy in patients with congenital cyanosis reaching early adult 
life is the so-called tetrala^\ of Fallot in which a congenital stenosis of 
the conus of the right venmclc with hypoplasia of the pulmonary trunk 
and frequeiulv a bicuspid pulmonary valve is associated with a defect 
at the base of the interventricular septum and (lc\tro(X)Sition of the 
aorta winch rides over the defect or rises cntirelv from the right ventricle 
the marked hyperirophy of the right vcmricle resulting fiom this com 
bination supplying the fourth element in the tetralogy 

Less frequent and also of less serious import is fmlmomr^ stenosis 
ii it/i closed ventricular sif>tum due to inlhmmatory fusion of the 
pulmonary valves in later fetal life after the cardiac septa are completely 
formed The converse is the case in fnilmomry ntrrsia or complete obht 
eraiion of llie outlet which mav occiii with or without ventricular septal 
defect in the latter cose a patent foramen ovale permits passage of blocwl 
to the left side but life can only be sustaint.d a few weeks whereas 
patients with pulmonary atresia and ventricular stpial defect may live 
some years in either event a patent ductus is almost always associated 
In iransfWMtion of the artcrwl trunks the aorta arises from the right 
and the pulmonary artery from the left ventricle in more or less com 
plete degrees of rotation Tlie difricult circumstances into which the cir 
dilation IS thrown is relieved by the remaining open of one or more of 
the feial passages in the coinbmed series of 9j cases analyzed on this point 
by IJokiy^'^ and ilit wiitei (/ c p 7-*}) the ductus was jiaient 0 ^ 
times tlicre was an auricular septal defect or a patent foramen ovale in 
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79 ind an intenenmcuhr septal defect in 31 Vs m puhnoinr) aircsn 
the presence of a lentrictihr septal defect is of major assistance in relit.\ 
ing the circulator) distress and life was susuined in one case presenting 
tins combination unul the si'cicenth jear with closed \entriciilar septum 
houcser (as shown bj the abo\e statistics the more frequent coinbina 
tion) transposition or rcaeised torsion of the great trunks is among the 
gra\est forms of morbus caeruleus and death occurs m infanc) 

Abseiice of the inlervcnUtcttlnr sefUutn {cor btalruUum Irilocitlare) 
or of both auricular and )entttculaT septa {cor btloculare) leads to a 
permanent admixture of the \enous and arterial streams in the s)steinic 
circulation with a resultant serious degree of congenital cyanosis In both 
these conditions transposition of the arterial trunks is not infrequenil) 
associated and possibU de\elops as an adaptation for the belter conduct 
of the circulation for subjects presenting ilns combination commonly 
survive into adult life and present only a moderate decree of cyanosis 
The same applies to the form of tnlociilaie heart produced by tricuspid 
atresia v ith aplasic left ventricle and defect of the intervcnintiilar sep 
turn thus Hedingers^o patient m whom these conditions coexisted 
lived to the age of 5G years and presented only an occasional blueness of 
the cheeks and lips In persistent iruncus aUertosus the aortic septum 
IS absent and a single large trunk -irovitled vMth three or four 01 some 
times with five cusps (Simonds-tO) arises from right ventricle above a 
septal defect In aortic and mitral atresia circtilanon is maintained by a 
widely patent ductus tlirowgli the pulmonary artery which becomes con 
timioiis with the descending aorta and iJiiis sujjplies die systemic circnh 
tion widi mixed venous and aricrnJ blood 
SYMPTOMS 

Acyanotjcand Cyanose tardive Groups In botli these conditions 
the cardiac abnormality may be entirely latent producing no signs or 
symptoms until the sudden occurrence of some mse damphiih aler 
such as rupture of the aorta or the appearance of a laltr or tran eiu 
cyanosis gives information of the presence of the defect More frequently 
in these cases the abnormality is associaietl v\nh atypical physical signs 
winch vary with the parlicnlar lesion More or less characteristic liow 
tvti of I) iiii these Gumps is iht ilinii d pitturc of liyjKijilasii of the 
noiia which is so commonly associated w nli ron^ciiital left sided Itsums 
and with localized uncomplicated septal defects csjvccially those of the 
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'\uric\ilar or aortic septum and patent ductus Such patients are usu 
ally o£ tall slender build and delicate skin with a tendency to 
pallor of the surface and in pronounced cases signs of delayed puberty 
In coarctation of the aorta the subjects are commonlj able bodied men 
(for this lesion piedominates in the male sex) often of superior mtel 
lecttial porvei who may present signs of increased blood supply to the 
upper part of the body as flushing of the face and epistaxis energetic 
pulsations m the neck and the cliaracteustic aascular signs of dilated 
tortuous collaterals uhile the femoral pulse is diminished or absent In 
right or double aortic arch symptoms of dyspnea or dysphagia may 
occur from pressure on the esophagus or trachea from this source 

Cyanotic Group The symptomatology of the cases of peimanent 
icnous arteiial shunt and light sided \ahular lesions on the other hand 
(Group III) IS that of cougeuital cyanosis which is characteristic of all 
these cases and is present at hirtli in the most severe forms of morbus 
caeriileus but in the milder cases sets in insidiously after the threshold 
of oxygen unsaturation is passetl as a bluish discoloiation of the skin and 
mucous membranes winch progress slowly to its culmmauon in the 
following distressing symptom complex (a) Cyanosis of the periphery 
of varying degree and becoming more marked in cold temperature and 
on increased muscular activity (b) of the finger ups toes and 

nose which gradually assume a bulbous flattened appearance from in 
Cl ease in the soft parts especially of the mil bed and thickened capillary 
vialls the result of stasis and the accumulation of noxious products (c) 
cyanosis le/t/iac in which tortuous thick walled capillaiies and violet 
discoloration are visible m the eye grounds (d) dyspnea which is an 
early and prompt feature and fiequently culminates in dyspncic attacks, 
seizures of extreme respiratory distress usually accompanied by a marked 
exacerbation of the cyanosis or by the transient appearance of this in 
conditions in which it was not previously manifest as m patent ductus 
arteriosus oi in early stages of the milder forms of the cyanotic group 
(<r) polycythemia which develops as a compensatory phenomenon but 
IS of bad prognostic impoil indicating an advanced stage of the disease 
The red cells may number as high as 15000000 with a coloi index of 
180 (/) curious epileptiform seizures or syncopal attacks may occur in 
late stages especially where the red cells aie extraordinarily inaeased 
(g) riei elopment is o/tcu stunted and mentality may be below par though 
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some c>’anouc patients with nmmiall) high intelligence have been ob 
served (Paul D AVhiie) 

COMPLICATIONS 

The most seiious and frequent of these is the development of an acute 
or subacute baclenal endocardtUs or endartenlis about the margins of 
or adjacent to the defect,40 i\hidi supplies a nidus for the lodgment and 
accumulation of microorganisms from tlie circulating blood and also a 
locus mmoris resislenliae for the inroads of the latter m the areas of 
sclerosis tliat almost invariably develop in the vicinity of tliese lesions, 
as a result of mechanical strain Such infections are the commonest cause 
of death in cases living on mtu adult life, especially bicuspid aortic valve 
and cardiovascular septal defects, as also the less severe forms of the 
cyanotic group as puhnomry stenosis In the graver cyanotic cases, sucli 
as persistent truncus tranijiosuion, etc , death usually occurs from the 
mechanical difficulties of tlie circiilauon (raised oxygen unsaiuration, 
etc), at an early age, before such infections are liable to supervene 
CliToiuc valvular disease and myocaidtal fibrosis, secondary to healed or 
healing infective processes of milder grade, are very common and tend to 
complicate the picture in most cases of the acyanotic group reaching 
advanced life. A very important and interesting complication of cardio 
vascular septal defects is paradoxical embolism, in which a fragment, 
usually broken off from a thrombus in the iliac veins or right heart, 
passes through a patent foramen ovale or other anomalous opening 
into the greater circulation and loilges in the brain, spleen, kidney, etc 
Pulmonary tuberculosis is fairly common in lesions of the cyanotic group 
especially where, as m pulmonary stenosis, the blood supply to tlie lungs 
is reduced Rupture of the ascending aorta, witli or without the forma 
tion of a dissecting aneurysm, is a relatively frequent termination in 
bicuspid aortic valve, hypoplasia or coarctation of the aorta In tlie 
latter condition it lies, in rare instances, in the descending arch at the 
seat of coarctafiori, and was due in tliree of tliese to a mycotic aneurysm 
Finally, aneurysms of the smaller cerebral arteries, apparently as a result 
of congenital weakening of the vascular wall at the point of bifurcation, 
occur m this same group of cases and cerebral death m young subjects 
may sometimes be traced to rupture of one of these 
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DIAGNOSIS 

A double problem presents itself First a congenital must be dis 
tinguished from an acquired lesion Tlie foHouing conditions arc 
significant oE the piesence of a defect Tlie >outh of the patient a per 
sonal histor) of onset of signs or symptoms in infancy or early childhood 
and the absence of any record of infections as a cause for acquned \al 
Milar disease cyanosis a\hen this exists a\helher as a transient or ter 
minal phenomenon or as the hallmark of a permanent \cnous arterial 
shunt the presence of atypical physical signs 

Secondly the differentiation of the parlicnlar lesion must be 
attempted This is a more difTicult task and in the graser complicated 
anomalies of the cyanotic group an exact diagnosis may he impossible 
E\en here bouever a knouledge of ihc possible deseloptnental errors 
and subsequent anatomical changes that are liable to occur and of the 
approximate duration of life in the tarious combinations of these may 
narron the field to the point of siimnse and sometimes of certainty 
Thus in transposition of the great trunks and pulmonary atresia ivith 
closed Ncntricular septum or aortic atresia life is not sustained beyond 
infancy so that these combinations may practically be ruled otit in sub 
jects oser a year old similarly persistent trtincus may almost ccruainly 
be excluded after the tenth year and the only lesions hhcly to be present 
m pwents nub congenital cyanosis i»ho hate aiiained adnJt hfe aie 
pulmonary stenosis (luth or aiithoiit aeiuriculai septal defect) cor 
triloculare due to complete absence of the inienentricular septum and 
tricuspid atresia uith transposition of the gieat trunks (Hedmger'J'*) 
OE these conditions by far the commonest is pulmonary stenosis \vith 
\entricular septal defect (tetiailogy of Fallot) uhich is present in some 
8o per cent of cyanotic subjects reaching adult life Characteristic of 
pulmonary stenosis uith closed septum is a rough systolic murmur and 
thrill best heard at the second left interspace in tlie tetralogy these 
signs lia\e the same point of maximum intensity but are usually less dis 
tinct or may eien be absent and the murmur nhen present is com 
monly transmitted through the dextroposed aorta into the lessels of the 
neck nhile a systolic murmur generated at the defect may also be heard 
in the back beloiv the left scapula in both types of pulmonary stenosis 
the second sound ai the pulmonary aiea is usually aveak and may be 
absent in older subjects clubbing becomes extreme and this and the 
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niartcd right prepondei-ance in the clectrocauliogram arc important 
diagnostic features of pulmonary' stenosis: but positive conclusions must 
be drawn with caution in these, as in all cases of congenital cyanosis, on 
account of the bizarre combinations that may exist. 

The case is quite different in the “Acyanoiic” lesions and those pro- 
ducing only transient or terminal cyanosis (Groups 1 and II) , for physi-. 
cil signs are commonly jiresent and arc usually distinciise. This is espe- 
cially true of the localized cardiovascular septal defects (Group II). 
Thus, in defect in the iuteraimcular sefUum or j)atent fornweu ovale 
the clinical picture is usually that of liypoplasia of the aorta in classic 
pronouncement and when, with the pallor and general habitus of this 
condition, there is a fugitive murmur of varying tempo and quality 
heard best over the third left iiuers|)acc and sometimes accompanied by 
an obscure iluill, with signs of enlargement of the right chambers and 
dilatation of the pulmonary arict^ and its branches (shown by x-rays ) , 
a positive diagnosis is justified and is further clinched by the sudden 
appearance of cyanosis on the advent of pulmonary or other complica- 
tions. In defect of the inlewentricular sefUum {maladie dc Roger), titc 
presence of a harsh prolonged holosystolic nnumur, usually accompanied 
Ijy a rough thrill, with maximum intensity at the third or fourth left 
interspace, in the absence of any disturbance of cardiac function and in 
an othenvise healthy individturl who h.is presented these signs from child- 
hood, is diagnostic; terminal cyanosis may occur but is less frequent than 
in auricular septal defects. .Again, de/etl of the aotUc sefjlum produces 
dramatic and distinctive pljysical signs, a roaring continuous murmur 
heard loudest over the aortic area and ujsper part of the sternum and 
associated with a coaisc continuous thrill apjKirenily generated close to 
the chest wall and of so intense a vibration that it may actually siii the 
air a short distance from the surface of the thorax. Finally, in patent 
ductus, as was first pointed out by Gibson, a continuous lumliling 
‘‘machinery” murmur localired over the first and second left interspaces 
is pathognomonic, and dullness and the “x-ray cap” in the same area 
produced in all advanced cases by the dilated pulmonary artery further 
confirm the diagnosis; in very young subjects the munnur is usually 
systolic and becomes continuous later; dyspneic attacks with transient 
cyanosis arc a common feature. 
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Among die lesions -withom ibnoninl communiciiion betueen the 
two circulations (Group I), coarctation of the aorta takes first place as 
presenting i tlngnostic picture that is absolutely pathognomonic except 
m the few cases in which the lesion is so fully compensated that it 
remains latent throughout life In most instances the long standing 
obstruction m the descending thoracic aorta reseals itself clearly by some 
erosion of the ribs aisible by the xray, and by the following s-ascular 
syndrome (i) Diminution of blood pressure m the lower extremities 
with retardation or obliteration of the femoral pulse in the presence of 
a contrasting hypertension in tlie upjier extremities and (2) the com 
bination with these of evidences of an extensive collateral circulation in 
the upper part of the body yielded by tortuous dilated peripheral vessels 
frequently transmitting a posisystohc murmur and fine thrill even in 
vessels so deep seated as to be otherwise imperceptible Subaortic stenosis 
may be recognized by a persistent rough systolic murmur and coarse thrill 
over the aortic area without corresponding signs in the body or radial 
pulse of serious obstruction at the aortic orifice Bicuspid or supernu 
merary aortic segments produce no signs until aherations from a super 
imposed endocarditis ensue but the existence of the congenital anomaly 
may sometimes be surmised in the presence of an acquired lesion from 
the coexistence of hypoplasia of ilie aorta and minor associated anomalies 
Other left sided congenital v-ahular lesions present the same clinical pic 
cure as tlie acquired forms Anomalous chordae in the left ventricle may 
give rise to peculiar adventitious sounds which can usually be dis 
tinguished from valvular murmurs by their high musical lone and 
atypical localization and by their rhythm which is commonly diastolic 
Congenital heart block is present from infancy and is usually associated 
with a ventricular septal defect 

Laboratory Aids to Diagnosis Electrocardiography yields pathog 
nomonic evidence of the nature of the defect m mirror picture dextio- 
cardia in which all the curves of Lead I are inverted and Lead III 
replaces Lead II In all otlier cardiac anomalies the significance of the 
electrocardiogram is only relative depending upon the anatomical posi 
tion of the heart in tlie thorax and other obscure factors ISevertheless 
in combination with other findings the direction and character of its 
curves do frequently yield supplementary evidence of much value This 
is especially true where a left axis deviation coexists with signs of a 
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defect indicating IS this does tlie piesencc of one of ttie nre left sided 
congenital lesions or if cyanosis bt piestnt tlie possibility of a tricuspid 
and pulmonary airesn (Taussig-i ) uiih aplastic right lentricle An 
extreme degree of right axis deviiuon again usually points especially in 
older subjects to the presence of a teiialogy of Fallot or tiainsposiuon 
of the arterial trunks svith preponderant hypertrophy of the right \entii 
cle r\hile a minor degiee ot light axis deviation uith a high P wave and 
absence of physical signs of an acquired lesion is consistent with the 
presence of a large mterauncular septal defect 

Fluoioscopy on the other hand where the cardiac shadow is carefully 
studied by a competent obseiver both m the anterior posterior and in 
the right and left oblique and lateral diameters is of the greatest possible 
help in arriMng at a positive diagnosis for the method while it tells 
nothing of die interior structure of the heart vields definite infonnation 
from which conclusions may be drawn on the relatise sue of its various 
chambers the position and caliber of the gieat trunks at the base the 
contour of the aortic and pulmonary arcs and left cardiac bolder the 
presence or absence of pulsating lular shadows the position of the aortic 
arch and the existence or otherwise of erosion of the ribs (significant of 
coarctation of the aorta) With the help of such findings the character 
istic clinical picture of large mterauncular septal defect or widely patent 
foramen ovale wjih dilated and hypertrophied right cJiarobers lias been 
established through the huge cardiac shadow occupying chiefly the left 
thorax with large pulmonary arc and narrow ascending aoita combined 
with moderate right axis deviation and physical signs absent oi indefinite 

(Roesler 43 lSicolson44) 

So also m complete transposition of the great trunks an important 
diagnostic sign is supplied by tJie afterwi appearance of the aortico 
pulmonary shadow at the base of the heart which becomes nanowed 
m the A P position but definitely broadened m the left oblique dnmeier 
where the two vessels become visible lying more or less parallel to each 
other an appearance doubtless to be explained by the anticlockwise rota 
tion of the great vessels upon each other so that the aorta comes to 
overlie more or less directly the transposed pulmonary artery This is 
pointed out by Dr H B Taussig-*’' m a recent valuable communication 
who claims that the fluoroscopic evidence so adduced in the presence of 
persistent cyanosis is pathognomonic and reports four cases of cyanotic 

5 
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infants in whom the diagnosis of complete transposition based on these 
findings was confirmed by autopsy. The contour of the cardiac silhouette 
was also altered in that both ventricle were enlarged but especially the 
right (the hypertrophy of this chamber being best seeit in the left oblique 
diameter) and there was also some diminution in the sliadow produced 
by the pulmonar>' conus. In a recent statistical study carried out at the 
Children’s Hospital of Philadelphia by Rachel Ash-tc on 32 cases of 
cardiac defects with autopsy studied rocntgenologically before death, 
tliere were eight of complete transposition and in several of these tlierc 
was hypertroph) of the left ventricle and the eleciiocardiogram showed 
no right axis deviation. 

A further very important practical aid in the differential diagnosis 
of cases of arlerial-voious or venousa}ierial shunt (Groups II and III) 
may be obtained tbvough the new science of rtngiocardtogrnyj/jy, in which 
the outlines of the superior cava, right chambers, and jnilmnnary circula- 
tion and the location of a septal defect, if one be present, are defined by 
the injection of a radiopatiue substance immediately before roentgenog- 
raphy of the heart. In a recent communication, Castellanos, Pereiras 
and Garcia47 have applied this metliotl for the first time to congenital 
lesions in infants or children under six years with extremely interesting 
results. Their technic consists in the injection into the elbow or long 
saphenous vein of some 10 cc. in infants of a 35 per cent solution of 
Per-Ahrodil or Urosdeclan B. In children from four to six years a 
larger quantity, from 22 to 30 cc. of Urosclectun B is said to give the best 
results. Carried out as described by these authors in great detail, this 
procedure is said to be quite harmless. By a special contri\ance of the 
x-ray tubes, both anteroposterior and lateral pictures may be taken simid- 
taneously immediately following the injection. 

In a later communication these authors describe still more brilliant 
results obtained by their use of a new automatic syringe (devised by 
A. V. Paussa^S) , wliich regulates by means of an electrical attachment 
die amount of radiopaque substance injected and its introduction at 
a known rate of flow. This device greatly facilitates the taking of perfect 
angiocardiograms by eliminating tlie personal factor, and also by reduc- 
ing the time required for the operation, which .is readily carried out in 
three or four minutes with perfect safety, simplicity and accuraq'. TJie 
best results are said to be obtained in very young infants in whom a 
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smaller amount of injected maternl gives sharper contrasting shadows 
m tlic X ray picture Several cases of complete transposition of the great 
trunks confirmed later by autopsy have been recognized during life by 
these angiocardiographic studies, as also the first case of persistent 
truncus arteriosus so diagnosed intra vitam 

PROGNOSIS 

In the simpler and less seijoiis lesions in which there is either no 
abnormal communication (Group 1) or only that of a localized septal 
defect or patent ductus (Group II) , the expectation of life is usually 
good in so far as the defect itself is concerned, altliougli some cardiac 
strain is usually present and must be taken into consideration as a factor 
which IS liable to come into play m early middle life, but the comphca 
tions that are so frequent in these conditions, both infective endocarditis 
and chronic valvular disease, and, in the case of coarctation disease or 
rapture of the aorta, lead in the great majority of cases to an earlier fatal 
termination, often in the first years of adult life 

In the subjects of congenital qaiiosis, on the other hand (Group III) , 
tiie course is progressively downward the duration of life depending on 
the nature of tlie defect, the amount of interference with the blood 
stream whicli it imposes and the associated anomalies which may be of 
the nature of adaptations for the better conduct of die blood In all 
cases, however, m which there is a permanently raised oxygen unsatura 
non of the blood fiom unalterable sinictural changes of congenital 
origin, a vicious circle is engenderctl which ends soonei oi later in death 
from anoxemia of the tissues unless the course of events has been inter 
rupted by exitiis from an iniercurrent complication 

TREATMENT'*^ 

This is necessarily confined to IfrevenUve and palliative measures, for 
remedial treatment cannot be applied to structural changes m the heart, 
unless, indeed, by surgical intervention, and this is still in the expen 
mental stage 

Preventive treatment consists m (i) the prenatal caie of the mother, 
especially in die early weeks of pregnancy, with die avoidance of strain, 
infections or traumas tint could affect the environment of the develop- 
ing embryo, and also in the actual prevention of conception between 
individuals who are themselves diseased, or the victims of alcoholism or 
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other poisons, or related to each other liy ties of close consangiiinit); 
( 2 ) in tlie protection of congenital cirdiat patients themselves from 
oveistrain of the heart and from bacterial itivasions at the seat of the 
defect by the removal of foci of infection and tlic avoidance of colds and 
diseases involving the respiratory had. In the relatively large group of 
cases in which ejanosis is absent or terminal (Groups I and II), these 
measures are especially important, for the expectation of life is good so 
long as these patients keep within the limits of their cardiac rcseivc and 
50 long as the vicinity of the defect does not become the scat of an infec- 
tive endocarditis. In effect, these patients should be classed with those 
having healed rheumatic lesions, as “potential cardiacs, " and awnrded 
the same degree of protective care. 

In the cases of the cyanotic type (morbus caeruleuv. Group III), 
treatment is likewise preventive and palliative, but it should be realized 
that all that can be achieved here b) the avoidance of complications and 
the maintenance of tlie best possible h)gicne is the retardation of the 
inevitably downward course of the disease Symptomatic measures for 
the relief of the distressing symptoms that are liable to supervene may 
consist of venesection for tlie overloaded right heart: diffusible 
lanls, hot mustard bath, etc, for the dyspneic attacks, and sedalii’es or 
hypnotics as indicated Inhalation of oxygen is of no direct benefit in a 
venous arterial shunt that has entered the systemic blood after it has left 
the lung, but it may give a little help in cases in which a pulmonary 
factor, as atelectasis, is also at work. 

Surgical Intervention; The surgical heatmenl of pulmonary stenosis 
has been attempted by Carrel and Tuffierso and of mitral stenosis by 
Cutler and LevineCi A new era in the treatment of congenital cardiac 
disease has been inaugurated in the establishment by Dr. Robert E 
Gross, Department of Pediatrics of the Harvard Medical School, of a 
relatively safe procedure for hgatiou of a patent ductus arteriosus, an 
operation indicated in suitable cases for the relief of cardiac strain and 
in the hope of preventing the onset of a subacute bacterial endocaiditis 
In his special technic 52 devised on tlie basis of animal experimenta 
tion, the approach to the anterior mediastinum and the open ductus 
was made through the left pleura! cavity anteroposteriorly above the 
compressed left lung The first successful case on record was operated 
by him in this way at the Children’s Hospital at Boston on August 26 , 
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1939 in 1 girl of 71/^ )cirs presenting the clianctcrisiic ph^sicil sii»ns 
and dtliniie cudcnct of ineipiciu cardne cnibirnssment The pitieni 
sho^ved no signs of postopcrntivc shock anti rcco\cr) ^\^s roinplctc on 
the seventh dn> vhen tfic dressings basing been remosed both ihiill 
and inunnur sicrc found to base completely thsappcaicd and the blood 
pressure liad clianqcd fioni 1 i<j systolic and g8 diastolic to a tliilv ascrage 
of 108 systolic and 80 diastohc Tins brilliant achicscinent uas reported 
upon sc\tral luonilis later by Gross and Hubbard and this procedme 
is being folloucd in imni othci tnstititiions at the present titnc 
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CHAPTER 111 


RHEUMATIC HEART DISEASE 

5)1 Currier McEuen MD 

Introduction As is obsioiis from the name rheumauc heart disease 
comprises those forms of cardiac damage which are due to rheumatic 
feser 

Rheumatic fever in turn ma) be defined as a disease of undetei 
mined etiolog) but apparcntl) infectional cJironic and recurring b> 
nature but presenting acute phases and characterized by various mam 
testations of vshich the most topical are a toxic slate uarditis pol) 
arthritis subcutaneous nodules and chorea 

A brief Jiistoncal sketch of what lias been thought to constitute 
rheumatic fever in tlic past is helpful m understanding the modern 
concept of the disease As earl) as the sixteenth centur) the term 
rheumatism was used to designate vague joint and systemic symptoms 
and out of this group a type of migratory polyarthritis gradually emerged 
with which tlie name becatne linked Tor several centuries rheumatism 
1 as thought of as a disease affecting only the joints but in the late 
eighteenth and early nmeteenili centuries it was learned through the 
observations of David Pitcairn (1788) Bailhe (1797) ^V'clls (1812) 
Hope {1839) Bouilhud (1837) and others that lesions of the cardiac 
salves and pericardium also occur m the disease 

By the end of tlie nineteenth century subcutaneous nodules and 
chorea had been recognized as part of the disease picture and Chcadlc 
(1889) had stressed the rheumatic nature of certain types of pleurisy 
and erythemas in cluldien and had noted the lelaiionslup between 
ihcumatic fever and tonsillitis In igoj Aschoff contributed his im|x>r 
tarn discovery of the myocardial lesions vshicli heir his name and since 
then klotz (iQi") and \on Glahn and P ippenheimer (ig^G) have 
described v\adely scattered changes throughout the vasailar tree and 
( 12 ) 
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Klinge (1933) has leported characteristic lesions in mesenchymal tissues 
generall) 

Thus m the course of about 150 years the concept of rheu 
matic fever as a disease of the joints has broadened to that of a disease 
of protein manifestations involving tissues tliroughout the body Hou 
ever it must be borne in mind that during most of this peiiod arthrms 
nas considered to be die essential feature of the disease and heart mvoh e 
ment merely a complication Only in recent years has it been appre 
cnted that no manifestation can be considered a complication but tint 
all are integral parts of the disease state and only since that time has 
carditis assumed its proper place as the most important of the rheumatic 
manifestations 

One of the reasons why carditis played so long a secondary role is that 
until fairly recently text book descriptions of rheumatic fever were based 
on observations of the disease as it occurs in adults in whom arthritis is 
apt to be a more dramatic and carditis a relatively Jess striking feature 
Various physicians like Cheadle (18S9) and BarJou and Mamcr (1881) 
wJio saw the disease in children had thoroughly modern concepts of the 
place of caiditis in rheumatic fever but they were brilliant exceptions 

Two Subdivisions of Rheumatic Heart Disease Before leaving this 
introductory discussion it is necessary to consider a most important 
aspect namely the subdivision of iheumatic heart disease into die 
so called active and inactive phases Active rheumatic heart disease or 
carditis is the phase of infiamnialion of the heart and is a part of rheu 
matic fever inactive rheumatic heart disease is the stage of purely 
mechanical damage resulting from scarring caused by a previous attack 
of the active infection The situation is comparable to infections of the 
tendon sheaths of tJie hand During the active stage of sucJi an infec 
non there are systemic signs such as fever and leukocytosis and the hand 
IS crippled because of the local inflammation Years later m the inactive 
stage after all evidences of infection have disappeared the hand still may 
be crippled because of scar tissue resulting from the earlier active inflani 
mation 

This distinction between carditis and inactive rheumatic heart dis 
ease is probably die most important single factor in a proper under 
standing of this subject and will recur lepeatedh m the following pages 
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INCIDENCE 

It IS impossible at present to obtain more than an approximate idea 
of the incidence of rheumatic heart disease because rheumatic fe\er is 
not reportable save in Nonvaj, Denmark and Iceland, and because in 
the case of manj patients d)ing of heart disease the death certificates 
contain merely such diagnoses as cardiovascular disease, chronic cardiac 
valvular disease myocarditis, endocarditis or pericarditis, without giving 
any informaiion regarding- the etiological type Houever, a number of 
estimates have been made which probably give reasonably accurate figures 
Thus, Swift (1931) estimated from a study of mortality figures that 
approximately 167,000 cases of rheumatic fever occurred in the United 
States in 191G and in 1923 Since most attacks of rheumatic fever are 
associated v\ith some degree of cardiac involvement, this figure probably 
gives some idea of the incidence of carditis but, of course, does not include 
cases of inactive rheumatic heart disease 

Such cases are included however, m an estimate computed by Paul 
{1930) from the incidence of cardiac valvular disease in school children 
drafted men, hospital patients and insured persons According to this 
study of Paul s, there are about 840000 people with rheumatic heart dis 
ease per 100 000,000 population A study of hospital admissions provides 
another method of estimating the incidence of rheumatic fever and rheu 
matic heart disease Suift (1931) reported that patients with rheumatic 
polyarthritis make up three to seven per cent of admissions to general 
hospitals in Europe and the United States In an analysis of 5799 patients 
admitted to the adult and childrens medical vtarris of the Tliird (New 
York University) Division of Bellevue Hospital during 1935, we found 
tliat approximately three per cent entered because of attacks of rhcu 
matic fever m which carditis was a major component and 1 6 per cent 
because of inactive rheumatic heart disease An additional t 3 per cent 
had attacks of rheumatic fever in vvhidi evidence of carditis was not 
encountered—a total of 5 9 per cent due directly or indirectly to rheumatic 
fever These figures probably represent fairly accurately hospital expen 
ence in New ^ork City tliey would be high, however, for die Southern 
States, for it has been shown that the incidence of rheumatic fever and 
rheumatic heart disease decreases as one goes from the Northern to the 
Southern States (Seegal and Seegal, 1927) 
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Still another means of estimating the importance of rheumatic heart 
disease is through etiologic classification of patients with cardiac disease. 
In such an analysis of 105^ cardiac patients, '\V)ckoff and Lingg (1926) 
found that over 25 per cent were of rheumatic origin, and this figure was 
very much higher for the younger age groups (see Fig. i) . Percentages 
such as these shotv very clearly the seriousness of rheumatic fever. Hotv- 
ever, when one considers that the victims of the disease are not the aged, 
but those tvho should have their most productive )ears still before them, 
tlie economic and social importance of rheumatic heart disease becomes 
even more striking. 

It is possible to close tliis consideration of incidence on a somewhat 
brighter note, fortunately, because there is evidence that rheumatic 

OrgAtiic heAPt discAse dccopding to And causa 

cert 



heart disease may be becoming less common. Thus Dublin and Lotka 
(1937) reported data which indicate that the annual death rate for 
vaUadar heart disease decreased from 6j per 100,000 in 1921 to 45 per 
100,000 in 1930. On the other band, it must be remembered, in evaluat- 
ing these figures, that at least part of the apparent reduction may be due 
to more accurate diagnosis; for it is now rwagnired that many patients 
formerly thought to have organic v'alvidar disease because of systolic 
murmurs in the presence of heart failure, actually had nonrheumatic 
heart diseases w’ith relative mitral insufficiency. 
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ETIOLOGY 

As Ills been said inacu\e rheumatic heart disease results from i 
previous attack of rheumatic carditis and the eiiolog) of the htter is that 
of rheumitic fever in general Unfortunately, that is is far is one can 
go with confidence for the cause of rheumitic fever has not yet been 
definitely determined and an etiological discussion under such circum 
stances obviously must be unsausfactory In spite of uncertainty regard 
ing specific details however it is generally accepted that the disease is 
infectional in nature Many different microorganisms hive been thought 
to be the causative agent including even the tubercle baallus (Renter 
and Louenstein iggo) but most of iliese are now of merely historical 
interest and only the streptococcus ind filterable virus groups lie given 
senous consideration today The five more important recent theories 
are (i) The view tliat the disease is caused by specific nonljcmolyiic 
streptococci (Small ig'>7 Birkhaug ig**? Cecil Njcholls ind Stiinsby 
igag) (2) the theory that the underlying mechanism 1$ tissue hyper 
sensitivity to streptococci (Sv\nft Derick and Hitchcock 1928) (3) the 

hemolytic streptococcal theory (Cobum 1931, Cobum and Pauli 1935) 
(1) Rineharts (1935) Jtypothesis of infection supenmposed on vmmm 
C deficiency and (5) the filterable virus theory (Schlesinger Signy, 
Amies and Bimard 1935 Eagles Evans Fisher and Keith 1937) At 
present the evidence linking liemolytic streptococcus infection with iheu 
malic fever is preponderant but the explanation remains m doubt v\hy 
some people develop the disease following such infections and other 
do not 

Regarding vinous predisposing factors in the epidemiology of rheu 
tmtic fever one can speak wiih more issiirancc Tfiesc arc discussed in 
detail in Chapter IV however and will not be considered here 

STRUCTURAL CHANGES 

The pathologic cliangcs m rheumatic heart disease parallel the clinical 
stages of active and inactive disease In active carditis the findings are 
those of inflammation whereas m tlie inactive stage the lesions are those 
of scar tissue and adhesions The changes in the various parts of the heart 
in active and inactive stages arc bnefly desenbed below 

Myocarditis The active lesion m the myocardium is char ictcrircd 
by the formation of Aschoff bodies These collections of cells are found 
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most frequently in the basal portion of the seiitncular svall, are usually 
pcnsascular, and located m the subendocardmm The Aschoff bodies 
consist chiefly of large basophilic often imiltmucleatcd cells with large 
\esiciilar nuclei As the actue inflammation subsides the nodules are 
changed into small foci of fibrous tissue Altliough these characteristic 
lesions aie focal in distribution the mjocaidiiim is diffusely Aieakened 
and dilatation occurs Contrary to what is often thought the course of 
iheumatic heait disease clearly indicates that Ihe myocardial changes 
and 7 jot those t« the xalves are chiefly resflonsiblc for the aflliearanct of 
heart failure As time passes the increased work imposed b) the damaged 
\aUes and pericardial adhesions leads to myocardial hypertropliy Com 
bined with this there is often some dilatation even in the inactive stage 
if valvular inefliciency is pronounced 

Endocarditis and Valvulitis The term endocarditis is generally 
used m a loose sense to mean inflammation not only of the endocardial 
lining of the valve but of the entire valve structure— a meaning which 
IS much more accurately expressed by the term valvulitis Tnic endo 
carditis does occur however as j>ari of valvulitis and as localized inflain 
mation of the mural endocardium especially of the left auricle The 
earliest change in rlieumatic valvulitis appears to be localized edema 
with cellular infiltration and proliferation following rapidly Usually at 
tlie line of apposition of the valves small areas of necrosis appear on top 
of which thrombi are laid down composed of fibrin and platelets These 
can be seen grossly as small pinkish yellow vegetations on the valves and 
chordae tendmeae 

As the process incrcises ccihilai proliferation and new capillary 
formation occur particularly at the base of the valve so tint much of the 
valve becomes the scat of a chronic granulomatous inflammation Heal 
mg takes place by organization and scar formation with the result that 
the valves become thickened shortened and distorted These cinnges 
prevent the pioper closure of the valve and cause reguigiiation Ihc 
same deformities plus fusion of the valve margins, and sometimes cal 
carcoiis deposition interfere with the normal passage of blood through 
the onfirc and cause stenosis 

1 he relative frequency of gioss suuciunl lesions in the various vaKi-s 
was found by Von Claim (1527) to be as follows in a necropsy siudv of 
109 cases Mitral, 908 per cent aortic 577 per cent inaispid ji 3 
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per cent, and pulmonic, 3 3 per cent However, microscopic inflarama 
tory changes in the valve rings and deeper ponions of the valve cusps 
were found in a much greater percentage of cases by Gross and Fried 
bei^ (1536 a and h) and b) Holsn 

Pericarditis The pericardium loses its glistening appearance be 
comes congested coated vwth fibrin and roughened ZndotheJnl cells 
swell and capillary proliferation occurs Probably m all cases some 
exudate is poured out which is serous in cinncter If the amount is 
great enough to cause physical signs the patient is said to have pericarditis 
with effusion The character of the fluid is iliat of an exudate the num 
ber and proportion of the cells varying greatly m different cases and at 
different stages Early polymorphoniicleir leukocytes predominate, but 
later there is an increase of chsmatocytes and lymphocytes 

During either the fibrinous or the effusive stage resolution may take 
place This may result simply m a cicatricial thickening of the pen 
cardium without adhesion or in the process of healing adhesions may 
occur (chronic adhesive pericarditis) betvteen the visceral and pinetal 
layers of the pericardium and between the panetil layer of the pen 
cardium and tlie pleura mednstinal stuictiires and diaphragm These 
adhesions may be merely slender bands but in the more severe cases 
they are dense and massive obliterating the pericardial sac and binding 
the heart to the lung diapliragm mediastinal structures or chest wall 
Adhesions of the latter type probably impose a serious burden on the 
heart, although pathologic studies have led some workers to doubt their 
importance as a cause of heart failure (Hosier and Bayless 1936) 

Some degree of pericarditis was found by Von Glafm (1927) in 375 
per cent of a group of adults and children coming to necropsy and by 
Findlay (1931) in 51 3 per cent of a group composed solely of children 
Gross and Fried (1936) reported at least microscopic pericardial lesions 
in 100 per cent of their cases in which death occurred during the stage 
of active carditis It is thus seen tliat m patients who die pericardial 
involvement is very common in many of these cases however, the lesion 
IS of minor importance 

Chrome Passive Congestion During the course of either active or 
inactive rheumatic heart disease Uie vanous pathologic changes which 
result from chronic passive congesuon may appear— enlargement and 
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engorgement of the liver and other \i5cera, pulmonary congestion edema, 
ascites etc These are not part of rheumatic heart disease hoiseser, but 
are similar to changes occurring in congestue failure due to an) other 
tjpe of heart disease 

SYMPTOMATOLOGY 

From uhat has alread) been said it is cleai that to a certain extent 
s)Tnptomatolog) must be considered separate!) for actise carditis and for 
inactire rheumatic heart disease 

Inactive Rheumatic Heart Disease ^ITiile there are distinct ph)sical 
signs of rheumauc heart disease in its inactive stage strictly speaking 
there are feu s)mptoms for when complaints occur the) usually are 
tliose not of heart disease but of heart failure Thus a patient uith 
inactive rheiinniic lieart disease may have no S)nipfoms at all or ma) 
suffer various degrees of cardiac msufficienq up to frank congestive 
heart failure even at rest That signs of failure should appear is not 
surprising in view of the mechanical inefficienq resulting from the de 
fective valves pericardial adhesions and myocardial scarring Indeed 
one of the striking features of inactive rheumatic heart disease is tlie 
paucity of symptoms experienced b) many patients with extensive 
valvular damage so long as tlie myocardial efficiency remains good Em 
dences of failure piomptly appear however when new attacks of rheu 
matic activity bring recurrences of myocarditis or when coronary m 
stifliciency leads to myocardial fibrosis as the patients grow older 

Active Rheumatic Heart Disease (CardiUs) Since this is merely one 
manifestation of active rheumauc fever other evidences of that disease 
are usually present such as fever polyarthritis chorea subcutaneous 
nodules erythema marginatum pleuritis and others 'When these are 
definite diagnosis is easily made and even vvitbout other rheumatic mam 
festations there is little difficulty in rect^wmg carditis when the mvohe 
ment of the heart is acute and severe for one s attention is immediately 
drawn to the heart by sucli signs as dyspnea orthopnea and precordial 
pain It IS m tlie more subacute forms without disunct rheumatic mam 
festaUons that difficulty is encountered for such patients may complain 
mere!) of ngue muscle or joint aches fatigability loss of appetite and 
other indefinite symptoms It is important therefore to bear in mind 
the v’aned ways in which rheumatic fever may manifest itself and to watch 
with great care any patient presenting these possibly rheumatic symptoms 
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This IS paiticuliTly true in the case of children in s\hom cardiac damage 
IS apt to develop insidiously These other manifestations of rheumatic 
fever are not considered in detail here since they are covered fully in 
Chapter V 

The term carditis is particuhrl) useful in describing active rheumatic 
heart disease because the heait usually is attacked as a whole in contrast 
to the knoun baclem} inlectioits of /he heait whidt a/tacl predomimntiy 
one structure— endocardium or pericardium Once having made the 
diagnosis of carditis however one should attempt to learn b) careful 
observation to what degree the v'anous pans of the heart are suffering 

Myocarditis Probabl) because of the striking murmurs which per 
sist into the inactive stage of rheumatic heart disease most of the earlier 
observers emphasized involvement of ihe endocardium Today however 
It IS full) realized that the most important lesions so far as concerns the 
abilit) of the heart to perform its required work are those m the m)0 
cardium That this is so is apparent when one considers the man) patients 
who have marked failure during an attack of carditis but who have excel 
lent cardiac reserve when the active disease has subsided m spite of the 
persistence of severe valvailar defects Indeed one ma) sa) almost cate 
goncall) that young rheumatic patients do not go into frank heart failure 
in the absence of myocardial inflammation In older patients this is less 
true especiall) in the age groups where degenerative diseases of the 
m)Ocardium become important but in a patient under 40 with cardiac 
disease of the rheumatic type the appearance of frank heart failure is pre 
sumptive evidence of the reappearance of active infection Other signs 
and s)Tnptoms which point to myocarditis are enlargement of the heart 
while the patient is under observation precordial pain and tenderness 
tach)cardia out of proportion to fever and various electrocardiographic 
abnormalities Also since m)Ocarditis probabl) ahva)s accompanies rheii 
matic valvulitis and pericarditis to at least some degree the piesence of 
an) signs pointing to active involvement of them is presumptive evidence 
of m)ocardUis as well 

Valvulitis It wais mentioned m the discussion of patholog) that so 
far as rheumatic heart disease is concerned the term endocarditis is now 
confined principally to inflammation of the mural endocardium and the 
word valvulitis is used to designate the valvular inflammation That this 
IS more accurate is shown by studies which have demonstrated that the 
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essential and cirfier changes m the ^al\e$ occur deep in their substance 
and that die small surface tegctations form later at the site of breaks in 
tiie lining endocardium Clmicallj the commonest aahiilar lesion is 
mitral insufTicienc} Next m frequency and most characteristic ot ihcii 
malic heart disease is mural stenosis The lesion third m ficquenc> is 
aortic insufficienq nhde aortic stenosis is fourth Pathologically lesions 
of the tiicuspid lahe are rehtiielj common and those of the pulmonic 
\ahe occur in 3 3 per cent {\on Claim lO"?) but clinically they are 
difficult to diagnose The signs by nliich these aalMihi defects may bt 
recognized are considered in Chapter \I\ These lesions usually persist 
once they base gi\en rise to the murmurs uhich distinguish them but 
occasionally diey disappear pariicuhrly m the case of aortic msufilcienq 
The probable explanation of these transient murmurs is inflammatory 
edema of the aortic leaflets nidi subsidence of the infection before the 
dcaclopmcnt of sufficient prolifcratuc changes to cause pennanent 
\al\ular deformity Transient apical diastolic murmurs also sometimes 
occur and base been thought (Bland 'W lute and Jones 1935) to be due 
to dilatation of tlie left auricle and tcntricle resulting in relitisc 
stenosis of the less distensible mitral ring It is probable that true 
stenotic deformities do not occur until after weeks or months of \alMihtis 
because it is unlikely that sufficient thickening and deformity 10 tausc 
obstruction to blood flow diiough the iihcorifices can occur rapidh 
The appearance of a systolic murmur during the course of rheumatic 
feser is of course mcreh presumptne evidence of valvulitis because 
such vniTinxirs arc so common in other acute tnfcctional discnsis uhich 
do not cause orqaritc heart disease The appearance of new diasiohc miir 
murs while die patient is under observation on the other hand may he 
considered conclusive evidence of valvulitis 

Pericarditis Pericarditis of clinical degree is rare in adults as com 
pared with children and usually is indicattvc of severe nrdiac involve 
ment rrcqiicndy it is of serious prognostic significance because of the 
danger of cardiac lampanade during the acute phase and because of the 
possibility of extensive pericardial adhesions later On the other hand 
patients with definite pcrinrditis sametitiics recover widiout any signs 
of pcninntnt tardiat damage Presumptive tvidtncc of pcricaiditis is 
jirovidcd by rapid inert isc in the size of the heart wiili pyriform slndovN 
on xrays and by certain eltctrocardiograpluc changes (set page C-) 
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The diagnosis is established by the appearance o£ the typical double 
shuffle friction rub over the precordium A large pericardial effusion 
like extensive pleural effusions can give rise to pulmonary physical signs 
highly suggestive of consolidation This is of considerable practical 
importance because it may lead to an erroneous diagnosis of rheumatic 
pneumonitis or lobar pneumonia 

Signs and Symptoms of Carditis Because of the great importance 
in the management of a patient with iheumatic heait disease of recog 
nizing the presence oi reappearance of carditis signs and symptoms of 
this manifestation are reiterated Among the conclusive signs aie (a) 
The development of heart failure during an attack of rheumatic fever 
(b) the appearance of a pericardial friction rub (c) the development of 
new diastolic murmurs and (d) significant increase in the size of the 
heart— all if they occur during an attack of rheumatic fever Among the 
presumptive signs are (a) Precordial pain and tenderness ( 6 ) tachy 
cardia out of proportion to fever (c) gallop (d) the presence of sub 
cutaneous nodules (c) prolongation of ilie atnoventncular conduction 
time and various otlier electrocardiographic abnormalities (/) the 
dcvtlopment of auricular fibrillation or congestive Jieart failure in any 
patient with physical signs of rheumatic valvular defects paiticularly in 
patients under 40 (g) lever cncreised erythrocy te sedttnentttiott rate or 
leukocytosis in any rheumatic subject in whom these signs cannot be 
otherwise accounted for and {ft) indeed the appearance of any mam 
festation of active rheumatic fever especially in a young patient or in 
the presence of physical signs of rheumatic valvailar defects Quite 
obviously some of these presumptive signs should make the observer 
meiely suspicious of carditis whereas others such as the development m 
a patient with rlieiimatic polyirihntis of precordial pain or prolonged 
conduction time are almost conclusive Often one can arrive at a 
decision as to whether or not active caiditis is present only after careful 
observation of a patient for many days 

Symptoms The symptoms of congestive heart failure need not be 
discussed here since they are similar to those accompanying any type of 
heart disease (see Chapter WXIV) Pulmonary congesuon however is 
apt to be more striking in failure due to other types because of the back 
pressure caused by mitral stenosis 
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Various arrhythmias are relathely common in the inactive as vsell as 
the active stage, particularlj auricular fibrillation and premature con- 
tractions. In patients under 40 the development of auricular fibrillation 
suggests a return o£ carditis, but as the patient advances in age this prob- 
ability diminishes. 

Caidiac Jmn is a much less common sj-mptom in inactive than in 
active rheumatic heart disease, but when it does occur it is usually much 
more severe. Pain accompanying carditis is customarily a persistent dull 
ache localized in the precordium Tliat of inactive rheumatic heart disease 
is apt to be truly anginal in tvpe. often evcruciating, and radiating to the 
left shoulder and arm It is associated with elevation of the blood pressure 
and is relieved by amyl nitrite Tins type of pain in iheumatic heart 
disease occurs in patients with aortic insufTicienq and aortic stenosis and 
probably is caused by myocardial anoxemia resulting from inadequate 
coronary filling. 

Physical Signs: Physical signs of Inactive rheumatic heart disease 
are those of the various valvular defects caused by rheumatic valvulitis 
and of caidiac enlargement The character of the latter is described in the 
discussion ofx ray findings in Chapter XXIX. The signs which distinguish 
the various valvul.ir defects arc detailed m Chapter XIX 

COURSE OF DISEASE 

From the foregoing it is dear that active rheumaiic heart disease is 
vastly moie important than the inactive stage of the disease, for the latici 
occurs only as a result of the foimer and is made progressively worse by 
repeated attacks. Thus, the course and prognosis in any given case depend 
mainly upon three factors The seventy of the attacks of carditis; how 
long tfiey last, and how often they arc repeated. On die basis of these 
factors four clinical types of course may be described. 

( 1 ) Acute Fulminating Type; In this type the disease runs a rapid 
couisc with high temperature and leukocytosis, marked signs of heart 
failure, and death within a few days to several inonUis This type is rare, 
especially in adults. In a recent analysts of 70 children under 12 years 
old in Bellevue Hospital with their first attacks of rhciim.atic heart dis 
ease, three or | 3 per cent, were of this kind, .and died during the attack. 
Among C7 .adults ovci 2^ years old, there were no such caves in first 
attacks of rheumatic cirdiiis (DcUee, Dodge & McEwen, 
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Case Report I Patient, E. G, a seven )ear old female diild \\as 
admitted to the hospital on April 17, 1939 Her family historj and her 
oun prcMous history ucre nonconmbutory The present illness had begun 
si\ uecks earlier s\hcn she de\eIoped an aitact. of tonsillitis uith ^\IllclI 
she ms confined to bed for tuo weeks She then returned to school for 
a feu dijs but on Marcli 23 de\cloped pain in both knees and again 
uas forced to bed Stibscqiienii) these joints then ifie svnsts and ankles, 
became red suollen and \cry painful Tlie temperature saried between 
37 8® and 10® C (100® and 101® F) and there was an evanescent rash 
For one week prior to admission she complained of shortness of breath 
and on April 10 developed prccordial pain uhicli induced her parents to 
bring her to the hospital 

On admission she was acutely ill with marked pallor and moderate 
d)spnca The inflammation of the tliroat had entirely subsided Lungs 
and abdomen appeared normal The heart showed enlargement, sounds 
were faint there was a gallop at the ape\ and also a sjstohc murmur 
transmuted to the axilla There was a questionable diastolic murmur at 
the apex but none at the base No tlirills nor pencaidial friction sounds 
vvere heard Blood pressure was 9$/48 The extremities showed no evi 
tlencc of edema Laboratory data revealed the following Erythrocyte 
sedimentation rate (Cutler tneihotl) was between 30 and 35 mm in one 
hour ac each of several determinations there was a moderate secondary 
anemia and 10 250 leukoqtcs of wliidi 71 per cent were polymorphonu 
clear cells the urine was normal two blood cultures a\ere negative 
Frcfjucnt electrocardiograms showed nght axis deviation and PR inter 
vals between 0 26 and 0 32 sec 

Several davs after admission subaiianeous nodules began to appear 
and became numerous On April 2G she appeared definitely worse and 
extensive erythema marginatum was noted On Ajinl 28 some dullness 
and diminished breath sounds were noted at ilie right base and die liver 
edge was felt for the first nine Because of these signs of beginning con 
gestivc failure digitalis therapy was begun In an attempt to arrest the 
progressive downward course, three small transfusions were given wiUiin 
the ncM week but apparently did no more than improve the anemia 
temporarily On May 1 1 a friction mb vvas noted at tlie left base siig 
gesting pleuntis and for the first time a water hammer pulse with a 
blood pressure of 108/0 was observed and a diastolic murmur was heard 
at the base of the heart During the next few days evidence of congestive 
failure became more marked and persistent vomiting ocairred whicli av'as 
apparently due to visceral congestion and not to digitalis toxicity In 
spile of diuretics and oxygen therapy ascites appeared and dyspnea 
became extreme On June 2 the patient dietl suddenly The temperature 
bad ranged between 39* and 395® C. (102® and 103® F) during the 
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matic activity He was readmitted to tlie hospital on February 3 1931 
but IMS signed out by his parents against adsicc ten da)s liter 

He svas folloucd subsequently at the cardiac clinic and in the lios 
pital and s\as admitted eight additionil times m all of i\hich he s\as 
signed out by lus parents against advice after being in the hospital six 
weeks or less During all of his admissions and most of Uie period of 
attendance at tlie clinic there were prccordial pun and mild djspnea on 
exertion ind on two or three occasions mild swelling and pam m several 
joints On June 5 1931 a basal diastolic murmur was first heard and 
subsequenllj the confirmatory signs of aortic msufiicienc) appeared In 
April 1932 1 cough with blood streaked sputum was present for two 
weeks but tliere were no otlier evidences of congestive failure 

On Mi> 11 1931 he entered the hospital with acute polyartliritis 
carditis and epistaxis whicli occurred following acute pharyngitis con 
tracted during a wave of upper respirator) infections in his famil) Dunng 
tins attack pericarditis was present with a friction rub followed by massive 
effusion Afirked dppnea developed w/iidi vsas much relieved by pen 
cardial paracentesis Dunng this attack evidence of congestive failure 
became more marked and digitalis therapy was begun Dunng the remain 
ing 1C months of lus life he was m and out of tlic hospital three times 
during each of wlucli he was extremely iH and showed increasing evi 
dences of heart failure in spite of digitalis and diuretics 

His last admission was on August 22 J95 j at whicli time he showed 
marked ascites and edema pulse rate of 180 moderate fever substernal 
discomfort and severe d)5pnca orthopnea and cyanosis In spite of 
abdominal paracentesis and treatment in an oxygen tent lus symptoms 
became progressively worse and he died on August 2'1 with a final cardiac 
diagnosis of A Rheumatic fever iiiaaue and active B enlarged heart 
mitral stenosis mitral and aortic insufficiency adherent pericardium car 
ditis C sinus tachycardia prolonged AV conduction time congestive 
failure D IVE 

Comment This case illustrates Uie chronic active type of rheumatic 
heart disease Apparently this patients first attack of rheumatic fever 
began shortly before lie was first seen in iggo and continued with per 
sistent low grade carditis mtemipted by- exacerbations of more pro 
nounced rheumatic activity until death five years later Because of the 
patients persistent refusal to lemam in the hospital adequate rest was 
never obtained Whetlier the course would have been so progressively 
downward if adequate treatment had been possible it is not possible 
to say 
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(4) PersistenUy Inactive Type Tins clinical t>pe nnfortimatel> 
rare is ushered in i\uh an attack of carditis uhirli after a feu months 
becomes inactive Healing takes place witli or without cardiac enlarge 
ment or valvular disease The infection does not return and sudi patients 
not infrequentl) live their natural expectanc) of life 

Case Report IV Patient P G age 19 an Irisli male was atlmutcd 
to the hospital on Februar> 10 1930 with rheumatic fever rimily histor> 
revealed rheumatic fever in a cousin but none in three siblings or in his 
parents Thcie was no past history of rheumatic fever in the patient and 
there had been no unusual morbidity from the usual childhood diseases 
On January 11 a head cold had begun which lasted about ten days 
and on January 29 after he had been completely well for a week he first 
noticed pain tenderness and swelling of the knee and toes of the left Itj, 
W ithiu several days the arthritis spread to involve both knees and ankles 
and he was confined to bed At the tunc of admission on Pebniary 10 
both knees and ankles were extremely painful tender swollen red and 
warm to the touch Temperature was 39 3* C (102 R'E) pulse rate lOfi 
leukocyte count 20 500 Examination of the heart revealed a gallop and 
a systolic blowing murmur at the apex 

Ammopynne was begun 0 3 Cm five times daily on the second day 
of admission with prompt decrease in joint involvement so that only verv 
slight pain and tenderness remained \t the same time temperature and 
pulse fell to essentially nonnal and the white blood cells to 14 000 In 
spue of this general improvement prccordial pain and tenderness were 
frst noted on Febmary 13 and on that day tlic electrocardiogram showed 
the PR interval to be 0 30 sec It subsequently rose to 0 40 see. ami 
then fell again to 0 20 sec where it remained up to the time of discharge 
Oil Marcli 26 subcutaneous rlictimatic nodules appeared over the elbows 
knees and ankles For a time new ones developed but by the middle of 
May all had subsided During \pnl a diastolic blowing murmur was 
heard at the apex ^ Inch v as inconstant and disa[)pearcd after four weeks 
The gallop likcv ise disappeared during May and by Afay 26 he appeared 
to be in good general condition when hts tonsils and adenoids were 
removed 

Weight on admission was 61 kilograms but it rose to 71 at the time 
of discharge from the hospital tn June \t that time there rcmamctl as 
evidence of the rjieumatic episode merely a soft systolic murmur at the 
apex and the prolonged P R inltrval of 0 2G sec At a follow up exam 
ination in August 1930 the PR interval was still prolonged but when 
seen a vear later it had returned to a normal of 0 16 sec Although there 
was a soft systolic murmur at the apex there was no evidence of enlarge 
ment of any of the chambers of the heart on x ray examination He felt 
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perfectly ^\•eU at that time and tv'as wording as a laborer. The patient has 
siibsetjuently been folloued at intenals for nine \ears during all of tvhich 
time he has continued to he well and has shon’n no evidence of recurrent 
rheumatic fever or cardiac changes. 

Commenl: This case is tiled as an example of the persistently inactive 
type of rheumatic heart disease. Tlie patient presents an unusual feature 
in the persistent prolongation of the auriculoventricular conduction lime. 
The case also illustiates the fact that subcutaneous nodules do not aluviys 
indicate serious cardiac damage. 

ELECTROCARDIOGRAPHIC FINDINGS 
In Active Carditis : The electrocardiographic dianges encountered 
in active rheumatic caiditis may be discussed comenienily under four 
headings: Prolongation of the auriculoventricular conduction time, 
abnormalities of rhythm, abnormalities of Q-R-S and T ss-ases, and 
changes associated with pericarditis. 

(i) Prolongation of the Auriculoventricular Conduction Time: Iso- 
lated cases of heart block were reported in the early years of the present 
century, but tlie real importance of Uiis sign in rheumatic carditis ssas 
appreciated, of course, only after the advent of electrocudiography 
(Parkinson, Gosse and Gunson, 1919-20; Cohn and Swift, 1924). Tlie 
reported incidence of prolonged conduction time saries with the criteria 
employed and the frequency with whidi tracings are taken. Cohn and 
Swift (1924), who took daily electiocardiograms and who considered as 
a significant change any definite increase e\en tliougli it did not exceed 
0.20 second, obtained an incidence of 84 per cent. 

Master and Jaffe (1932) likewise took daily tracings and found that 
in 12.8 per cent of 63 patients the P-R interval reached 0.20 second and 
in 57.6 per cent it exceeded o.ao second. Other investigators, however, 
who took electrocardiograms at Jess frequent interi-als reported a much 
loiver incidence. Tims it is apparent that, while prolonged conduction 
time is an important sign of carditis, normal findings have little weight 
in excludint>- the presence of carditis unless the tracings are taken at 
frequent inten-als. 

There is some question, too. as to what should he considered a signifi- 
cant increase in die P-R intcival. If one has only a single electrocardio- 
erram on which to base an opinion, it is probable that only figuies of more 
than o.iG second should be considered significant in a child under 14, or 
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of more than o 20 second in an adult. On the other hand, since the 
normal P-R interval for a given individual shows little variation from 
day to da) at a constant heart rate, definite increase in serial tracing mav 
be just as significant as a single electrocardiogram vsith figures above the 
upper hnni of normal. Here again, however, judgment must be used in 
interpretation, because the P-R interval increases normall) as the heart 
rate slovvs (Ashman and Hull, 1937) . Thus a very slight increase in P-R 
interval is important if the heart rate increases or remains constant, but 
with a drop in rate, an increase in conduction time must be more marked 
to be significant. 

Most commonly the prolongation of auriculoventricular conduction 
time can be demonstrated only vvitli the aid of the electrocardiogram, but 
occasional!) the impairment is so great that some beats are dropped. This 
occurred iu 22 per cent of the patients studied b) Cohn and Swift (192^) 
and in 4 8 per cent of titosc studied by Master and Jaffc (>932). Not 
infrequent!) varying block appears and dropped beats occur irregularly. 
Rarely there is complete A-V block, and the ventricle responds at a slow 
rate to an idiovciuriculnr center. As a rule the impairment is iransicni, 
lasting from less than a day to several weeks, although it ma) recur two 
or more times during the course of a single attack of carditis. Occasional!) 
the prolonged conduction persists for months, even after all other 
evidences of rheumatic activity have subsided (sec Case Report IV, page 
58) , and rarel) it is permanent. 

It b.as been shown repeatedly that the degree of impairment has no 
relationship to tlie height of fever nor to the seventy of carditis. The 
explanation of the phenomenon usually advanced is that of a structural 
defect involving the conducting tissue in the auricle WHien impairment 
is transient the pathologic change is thought to consist merely of edema: 
when more persistent, Aschod bodies in the conducting bundle arc 
hypothesired: and v\hen permanent, scar tissue is thought to have been 
laid down. The idea of intercellular edema was supported for a time by 
the report (Levy and Turner, 1927) that block disappeared following 
the administration of salicylates. However, subsequent studies (Wyckofl. 
DeGraff and Parent, 1930; ^^astcr, 1927; Master and Romanoff, 1932) 
did not licar this out. Recently Bruenn (1937) has reported that the 
impairment of conduction was abolished transiently in ig of 22 cases by 
the intravenous injection of atropine, indicating that the prolonged 
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auriculoventricular conduction time is due, at least in part, to an increase 
in \agal tone. Bruenn suggests that the focus of ^agal irritation lies in 
the medulla. 

While prolonged auriculo\cnmcuIar conduction occurs most fre* 
qucntly in actue rheiunacic carditis, tlte phenomenon is, of course, not 
limited to that disease It occurs ne\t in frequcnc) in arteriosclerotic and 
in hypcrtensise heart disease (Lc\> and Turner, 1929) and also in bac 
tcrial endocarditis (Rotliscliild, Sacks and Libman, 1927, Lc\) and 
Turner, 1929) , to mention onl> a few Since digitalis increases the P R 
interv’al, the interpretation of tracings from patients rcccning that drug 
must be made ^\ith care 

(2) Abnormalities of Rhythm The xanous arrhythmias xvhich can 
be detected at phxsical examination arc more accurately lecognizcd by 
electrocardiographic study While all types of irregularity may occur, 
tlie commonest are auricular and xcntiicular premature contractions and 
auiicular fibiillation Various tspes of premature contractions ucrc 
recorded m 62 per cent of ‘57 patients by Cohn and Suift (1921) and in 
about 15 per cent of 63 patients by Master ami JafTe (1932). Auricular 
fibrillation xvas found m 14 per cent and 3 2 per cent by the same authors, 
respectively Less frequently encountered irregularities arc auricular 
flutter, nodal rhythm and paroxysmal tachycardia 

Tachycardia is an altnosc unncrsal finding ac some stage of arditis 
Much less well known, but fairly common, is sinus bradycardn, whidi, 
however, usually changes to tachycardia after a few days or weehs A 
number of auiliors have called attention to the fact that the sinus 
arrhythmia so often present normally, especially m children, tends to be 
lost in the presence of carditis Indeed, the return of sinus arrhythmia in 
a patient with active rheumatic heart disease is usually a sign of 
improvement 

In regard to auncuhr fibrillation 11 should be stated that when it 
occurs in early attacks of carditis it usually is paroxysmal and transient 
However, when it occurs later in the course of disease, after severe strut 
tural defects have occurred in the heart, it usiiaUy persists 

AhnorimUtics of Q R-S and T IPfliw Various alicraiions in the 
ventricular complexes may he noted during the course of rheumatic 
carditis, but none is necessarily indicative of that disease Indeed, such 
changes as ocair arc frequently within ihc limits of nonnal and can be 
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the abnormalities of Q R-S and T noted in these patients are due to 
arteriosclerosis and not to the old rheumatic lesions. 

DIAGNOSIS 

The diagnosis of rheumatic heart disease resolves itself into anstvering 
a number of quite different questions v\hich may arise in individual cases 
First, given a patient uith rheumatic fever, one must decide whether or 
not the heart is involved. This usually is a more or less academic ques- 
tion, especiall) in children, because some d^ree of carditis is so common 
in rheumatic fever that the patient must be assumed to have it until it is 



FictRE 2 ElcctrocardiogTams taten before (A) and after (B) the onset of peri- 
carditis In B note tbe eles-ation of ihe R1 segment in Leads I and II svUhout 
reciprocal changes in Lead III There i$ also slight prolongaiion of die P R intmal 
in both A and B 

proven that he does not The various signs and s>mptoms of carditis 
enumerated on page 52 usually enable one to reach a deasion. 

A second t)pe of problem, and a much more difficult one, is that set 
by the child who has vague s)mptoms v\hich ma) or may not be rheu 
matic, such as listlessness, epistaxis, failure to gain v\ eight, and secondary 
anemia; perhaps also with fleeting pain in an extremity, slight tachycardia 
and a blowing systolic murmur. If some rheumatic manifestation becomes 
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definite, the problem je^oKei itself into that discussed in the paragraph 
above; but if not, one can merely observe the child carefully— again with 
paiiicular emphasis on the various conclusive and presumptive signs of 
carditis. 

The jiaiient svith plijsical signs of heart disease of the rlieumaiic t)pe 
who is seen because of malaise and fever presents a third type of problem: 
namely, whether the evidences of infection arc due to a coincidental 
illness such as influenza, or whether a new attack of iheumatic aciivii) 
has started. Again one can merely observe and wait for an indication one 
way or the other. ^Vhile waiting, however, the patient should be assumed 
to have caiditi.s and he kept in bed. 

A final question and a frequent one is presented by the patient with 
obviously inactive cardiac valvular disease in wliom it must be decided 
whether the oiiginal etiological factor was rheumatic fever or some other 
cause. As a rule this is not difTifuli. because the combmniion of a p.isi 
Jiistory of rlicumatic fevci plus ph}.si(nl signs of mitral stenosis is usuaJJv 
pre.sem in rlicumatic cases and leaves Hiile tiouhi. Even in the absence 
of a rheumatic history the finding of a characteristic apical diastolic mnr- 
mtir usually means rJicuniatic Iteart disease, aUhough there arc .some 
c.vceptions (see below) . 

DIFFERENTIAL DIAGNOSIS 

Only a few of the diseases wltirli may be confused with carditis and 
vs’iih inactive rheumatic heart disease arc conshlcrcd here. 

Carditis: TJiis can be siiniilaicd by a iiiiniber of tliscascs, among 
which .arc bacterial cndocajdiiis, Iiypoihyroidism. sickle cell anemia, 
leukemia, and uudulani fever. 

Bacterial emlocauUtis is particidarlj cotifusing because it is so often 
implanted u{)on inactive rlietinwtic heart disease. Usually, however, the 
appearance of embolic phenomena and a persitive hloo<l enhttre .soon 
make tlie nature of the infection clear. 

Hyl>erlfiyroidisvi with its aicoinpanying lathycardia, forceful heart 
anion, and low-grade fever smncliines le.ids to an enoncous diagnosis of 
rheumatic caufiiis. This is csjicciall) true in those cases in which a 
".slurring” of the heart soumfs at the a|»CN gives rise to what simulates a 
diastolic rumbling mvirinui. Tliis sound divapjicars fiillouing .adequate 
iodine therapy, however, as vio (he other symptoms. 
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StcUc ccllatiemia itud Uulemm botli mi} be nusnken for rheumaiic 
fc\ci uith circlitis becuist of the muscle puns incmia, murmurs and 
cardne enlargement asluch may ocair Suitable examnntioii of the blood, 
of course jwmts to the correct diagnosis 

Uudnlnnt fever and Mnoiis other infections iiluch mi\ run a low 
grade course obtjousl} ma} resemble some aspects of rheumatic carditis 
The correct diagnosis usiiall) becomes clear houever, as the course of 
disease is followed 

Inactive Rheumatic Heart Disease Tins is not often simulated b) 
other diseases but any cauliac affection associated SMtli the presence of a 
diastolic apical rmirmut can cause diagnostic imcertiint} The most 
common difficult) is tint presented by die pitient iih aortic insufficiency 
plus an apical diastolic murmur, in whom one must decide whether the 
patient has rheumatic heart disease with aortic and mitral salvulir 
deformuies or syphilitic Ueait disease with aortic insufficiency plus an 
Austin Flint murmur at the apex Roentgenologic evidence of left 
auricular enlargement points to rheumaiic heart disease but if tins is 
lacking the negative finding gives little information Not infrequently 
one must fall back on probabilities and watching the course of disease 

Occasionally, also cougcntlal lesions are difficult to difTerentiate from 
rheumatic ones In addition we have encountered diastolic murmurs 
like that of mitral stenosis in disease of the pulmonary artery (W^yckoff 
and Bunun, 1935) and in saicoma of the heart with encroachment on the 
mural ring 

PROGNOSIS 

In discussing prognosis vve must consider not only rheumatic heart 
disease but also rheumatic fever and eacli of these must be examined 
from die standpoint of the immediate attack md of the ultimate out 
come In general hoviever rheumatic fever and rheumatic heart disease 
can be discussed together and any differences can be pointed out indi 
vidually 

The Immediate Attack The mortality for acute attacks of rJieii 
matic fever has been recorded as from one to four per cent m patients 
whose hearts ha\e not been seriously damaged by previous attacks In a 
recent analysis of initial attacks of rheumatic fever (DeLiee Dodge and 
McEwen 1939) there were no deadis among 67 adults but the mortality 
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among 251 children 1.2 per cent, rimhermore, ishen the children 
ivho had chorea as their onl) manifestation of rheumatic fe\cr Avcrc 
cKcluded, this figure rose to 2 G |>er cent, while in the 70 who had definite 
carditis the mortality was 1.3 pei cent. Of the three children in this small 
series who died, all had subcutaneous nodules and all had definite evi- 
dence of pericarditis This is in keeping witli the general impression that 
these two manifestations are apt to be of serious prognostic significance. 
On the other hand, subcutaneous nodules and pericarditis do not always 
indicate a severe type of carditis as is shovvn by the fact that occasionally 
patients recover without any residual signs of heart damage, although 
such patients usually suffer permanent cardiac injury m subsequent 
attacks Formerly, a hyperp)Te\ic type of rheumatic fever sometimes 
caused death before cardiac damage v\as important, but this type is now 
rare, and today, when deatJi occurs in rJieiimaiit fever it is due primarily 
to the carditis 

Ultimate Outcome: In view of the tendency for a patient who has 
once been the subject of rlieumatic fever to suffer subsequent attacks in 
each of which the heart sustains additional damage, it is easy to see that 
the ultimate prognosis in rheumatic fever and rheumatic heart disease is 
very different from that in a disease like pneumonia, for example, m 
which prognosis is almost entirely a matter of the immediate attack 

rortiinatcly many patients with rheumatic fever recover completely 
Among G83 children followed by Pindhy (1931) . approximately 30 j)cr 
cent showed no evidence of cardiac disease at any time or developed signs 
which later disappeared Similar results were recorded by Coombs (192 j) 
and Edstrom (1935) » 23 per cent and 20 per cent respectively of whose 
patients made complete recoveries On the other hand, once rhcumaiir 
heart disease has developed, prognosis is fess good TIius DcGraff and 
Lingg (1935a) , analyzing the recordsof Oj I |xiiients with rheumatic heart 
disease who had been followctl op to the time of death, found that three 
fourths of them died before the age of |0 Tlic average patient had 
suffered his original rlieunntic attack at the age of 17, developed the first 
signs of diminished cardi.ic reserve at 28, had definite heart failure at 
30 and died at 33 

Tlie fundamental differences in resistance and susceptibility of various 
individuals which make one person prone to serious and repeated attacks 
of rJienrnatic fever while another csajxs, are hidden in iJic Mine obscur 
? 
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It) nhich clouds the ctiolagy of ilic discisc Hotve^ci, same factors are 
sufTicieiul) defimte to \\nrrmt discussion 

/fgc al Onset This factor seems to be different for rheumauc feser 
and rheiiimtic heart disease DeLicc Dodge and McD\ en (1939) found 
that onl) 30 jier cent of G7 adults shoued signs of carditis during their 
first attacks of rheumatic fe\cr and tJni in onl> scsen per cent avas there 
exidence of persisting cardiac damage b) the time of dischaige from the 
hospital InySchiJdren on the other hand these figures svere respective!) 
jG per cent and 27 per cent 1 indla) (1931) has shown the same tendency 
for life expcctanc) m patients experiencing their first atuacks of rheumatic 
fever in Uiese two age periods However if one studies not attacks of 
rheumatic fever but onl) Uiose in which the heart is involved quite 
different results have been obtained Tims in the Gj j patients with rheii 
inatic heart disease followed b) DcGraf! iiul Litigg (19351), the total 
duration of life following the first attack of carditis was greater nlien 
that attack occurred m childltood than when 11 occurred later 

Type 0/ Afariifestiition AnoUier ver) important factor in the prog 
nosis of rheumatic fever is the t>pe of rheumatic manifestation which the 
individual patient has In patients witli subcutaneous nodules or with 
cardtiis without other mantfesiaiioiis severe and permanent cardiac 
damage 1$ apt to occur Cliorea is least prone to be followed by important 
cardiac disease and palj-artlinits stands between these two extremes 
Sutton and Dodge (1938) who followed a group of children six )ears or 
longer reported an incidence of ^lermanent heart disease of 18 6 per cent 
in those with pure chorea compared with 72 per cent among children with 
other rheumatic manifestations Similar tendencies have been shown b) 
other studies (Findla) 1931 Jones and Bland 1935 Ash, 193G DeLite 
Dodge and AfcEv\en 1939 etc) 

Sex The influence of sex on prognosis has been studied with con 
fiicnng results and probably is unimportant Cabot (ig^G) found the 
duration of life shorter in men than in v\omen with rheumatic heart 
disease while Findlay (1931) on the contrary estimated the death rate 
to be ten times the normal expectancy among rheumatic boys and 12 times 
the normal among rheumatic girls Probably the correct answer is 
reflected in results of Fnedberg and Tirtakowcr (1931) and DeGrafF and 
Lingg (1935a) who found no difference as to life expectancy beivseen 
the two sexes 
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Auricular f ibnllatwu Tins arrhjthnin is of serious prognostic sig 
mficince when pemnneni but not in its jnroxjsiml form In DeGnfl 
andLinggs (1935c) senes 34 per cent of rheunntic rirdnc patients died 
uithin one ^ear of the onset of permanent auncuhr fibrillation and 
75 per cent within three ^ears These arc ateragc figures houeter and 
some patients hie many ^ears 

Seventy of the Attack It has often been said that the more seiere 
the symptoms of a given attack of rheumatic fever are the greater is the 
probabilit) of severe cardiac crippling Possibl) tins is true in cases start 
ing with pol)arihrms as the principal manifestation but there can be no 
doubt that serious cardiac damage often is found in individuals vs ho have 
had such mild attacks of rheumatic fever tliai the latter passed unnoticed 
In the authors clinic at Bellevue Hospital for example 19 per cent of 
tlie patients with mitral stenosis gave no liislor) of any rheumatic mam 
festation in spue of close questioning and m an additional 13 per cent 
there was a history merely of vague symptoms which per sc would not 
have warranted a diagnosis of rheumatic fevei Since this is an adult 
clinic It IS probable that some of tJiese patients Jnd had rheumatic 
attacks in childhood vvliich they had forgotten but otliers must have had 
such ill defined attacks that they escaped notice 

Ctjju Report T Patient H I) a la year-old German American boy 
vsas admitted to the hospital on November 2C 1929 because ol a mark 
eilly inflamed throat One sister had had rheumatic fever in 192C but 
his parents and two other siblings v^ere normal 

The patients first attack of rheumatic fever occurred in 1928 when 
he was in bed at home for three weeks with cliardcicnsiic polyarthritis 
but he knew nothing of heart involvement fliv second attack occurrcil 
in Apnf 192^ at which lime he was admitted to the hospital where he 
remained until August During that atntk he had jiolyarthruis carditis 
plcuritis and inlis There were both svstolic and diastolic murmurs at 
the ipe\ but at the lime of disrhargc m \ugusi all evidence of rhtumatic 
activity liad disappeared as liatl Uic diastolic murmur lie was seen a few 
months later at a follow up examination anti appeared to be noniial in 
every way There was no cardiac enlargement and merely a blowing svs 
tolic murmur at ilic apex 

Tonsillectomy had been performed during the first admission but lie 
had been warned that throat infection might lead to further rhctiinatce 
attacks In view of this he reported back to the hosjnial on November 
2G 1929 because of a sore throat TIus infection had Iicgim on November 
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17 and \\a5 associated A\uh sufficient fe\er and soreness m the throat to 
cause him to sta) home from school for seieral da^s He had then felt 
perfectly ssell again Howexcr, on Noscmber 25, Ins throat again became 
painful and he reported to the hospiia! the next day Tins lime the throat 
uas markedly inflamed and lie was adtiscd to stay in the hospital, not 
because of any ctidcnce of rheumatic feter but because a peritonsillar 
abscess was suspected Physical examination of the heart reiealed nothing 
abnormal c\cn the faint systolic apical murmur basing disappeared 
Throat cultures resealed no hemolytic strcpiococa and scscral blood cul 
lures s\ere negatue Leukocyte count shotvcd 10 8-10 leukocytes sMth 68 
per cent polymorphonuclear cells 28 per cent lymphoqtes, and 4 per 
cent monocytes 

By Nosember 29 the sore throat had cleared and it ssas decided that 
the patient might return home the nevt day Later the same day, hoiv 
ever, the ipical systolic nnin»iir again became audible and the tempera 
ture and pulse t'.hich had been normal rose slightly For this reason 
hospitalization sns continued and the patient was obsersed carefully for 
possible reactuation of his rheumatic carditis In the follotstng days 
\anous abnormal findings appeared m secpicncc Temperature and pulse 
continued to rise T naves m Lead III of the electrocardiogram became 
negative leukocyte count rose to 15 800, puhe rate became dispropor* 
tionaie to the moderate fever, a presystohe bloning murmur appeared at 
Use apex, and a few days later an carlv diastolic blow was audible along 
the left sternal border at the level of the second and third intercostal 
spaces, gallop was heard at the apex there was a progressive sinking 
increase in atrioventnailar conduction time, reaching a peak of 0 25 sec., 
and roentgenologic as well as clinical studies revealed slight cartliac 
enlargement Temperature and pulse then gradually fell to normal, the 
latter more slowly than the former the electrocardiogram became normal, 
and both apical and basal diastolic miinmirs disappeared This whole 
episode from the time the temperature first rose on November 29, cov 
ered approximately four weeks Improvement was then steady, so that 
the patient was disdiargctl on Jamiarv 30 with the same diagnosis as 
previously carried 

This patient returned one sear later with his fourth attack of rheu 
matic carditis and this time the evidence of mitral stenosis and aortic 
insufficiency returned promptly and has |icrsisted to date 

Comment This report (of the piuents third attack) js presented 
as an example of carditis as the only nnnifcstition of rheumatic fever. 
The striking feature of the cise was the lack of subjective symptoms for 
the patient insisted that he had no complaint other than the prehmimry 
sore throat and that when that cleared he would not have known he vras 
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sick if he had not been told Attacks of carditis of tins t^pc probably 
occur relatiteJ} frcqueiulj in chtlclrcn who arc not under tnrdical super- 
vision and account for a certain number of cases of oljviousf) advanced 
inactive rheumatic heart disease in patients v\ho ctin rctali no attack of 
rheumatic fever. 

Recuireul Acltvily. The factor of fundamental imjMinance in the 
prognosis of rheumatic heart disc.asc is, of cotirse, the degree of damage 
caused by active cardiac involvement, or in other words, the seventv of 
the first attack of carditis and the frequency and scveriiv of rccuricui 
attacks. The patient with one attack whicli clears promptlv and who 
never experiences another, has an essentially normal life expectancy; 
while the expectancy obviously is very dilTcrcnt in the patient with 
repeated attacks, in each of which progressive cardiac crippling is sus- 
tained. Unfortunately, the mecliauism of tcsisiance and infection undci- 
lying tliese difFcrcnces is too mcoiuplctcly understood to enable one to 
prognosticate in tlic avciage case. However, it is true tint sncrcssivc 
attacks of Theumaiic fever tend to follow .i given jiauern in e.icli indi- 
vidual patient, so that a patient vvho has liad several attacks without 
developing apparent cardiac damage has a reasonable expectancy of again 
escaping it at subscquciu attacks. 

TREATMENT 

In discussing die trenunent of rheumatic bc.aji disease it is convenient 
to consider carditis .and the inacinc singe scp.iratcly. Obviously, loo, 
.Tltention must lie given lo the irc.iimcnt of some of tlic oilier rhenm.itic 
m.anifcstalions and of rheumatic fever in gcncml. 

Treatment of Carditis; Of primary luqKirrancc in working out a 
program for the treatment of jKitients with ctirdttis is the .ipprcriation 
that thispliase of rheumatic heart tliscase is an infection .Moie inifiortant 
than symptomatic care, therefore, arc efforts directed toward helping the 
patient overcome ilie infection. Unforttm.itcly no specific means of com- 
baling rheumatic infection are known and one cun merely institute those 
measures which help the patient to overcome his own disease AVhrlc the 
basic principles of treating carditis are (lie same for all stages, some of the 
tleuiiJs in the m.magcmeni of the actitc phase tliffcr from those of the 
subacute and chronic. In the past the more s|Hxiactilar character of tfte 
acuic phase has focused chief attention on it, but tmUj we arc cqualh 
conccrnetl with subacute and chronic rheumatic carditis. In (his account. 
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the treatment of tliese stages is disaisscd sej)arate!y, follou-ing svhich tlierc 
is brief consideration of special tlicra|}etUic metliods, of the treatment 
of inactive rheumatic heart disease, and of preventive measures. 

Acute CdTdilis: Ckncrai. Carh: Tlic patient with acute carditis 
usually has high fever and sweating and should he protected from direct 
drafts. When sweating is j>rofusc, comfort can be increased by the use 
of wool or nannelette sheets and clothing, the latter of which should be 
of a type easy to put oti and off. Frequent bathing and alcohol sponges 
arc helpful in beeping the skin in good condition, Init this is more 
im})ortant iti the chronic than in the acme stage. 

Rest is of the utmost importance. In acute carditis the patient feels 
so sick that one docs not face the problem of enforcing bed rest, svbiclj 
often becomes so difhcult later in the disease; but rest U often iuterfered 
with by cardiac and arthritic fiain and by such symptoms of heart failure 
ns dyspnea and orthopnea. 

Cordiac Imin usually is helped b) an icccapapplied to the prccoulium. 
If this is not sulTicicnt, codcitic should l>c given in doses I.irge enough to 
give relief. Even children five or six years old may be given 0.03 Cm. 
{i/j grain) of codeine sulfate every three or four hours if smaller doses 
arc not effective. Rarcl> morphine is rcquiretl. Amyl nitrile and the 
antirheumatic drugs have no effect on the ])atn of carditis, although the 
former is iiefpfid in the true anginal lyjKr of pain wbieft sometimes otnm 
in patients with long-standing aortic insttincicncy and stenosis, and the 
latter, of course, are invaluable in the relief of arthritic pain. 

Diet: During acute carditis the patient usually is too uncomfortable 
to care much for food and should not be forced to eat. Light foods, 
especially in liquid form, are stifTicieiu if the acute phase does not last 
more tlian a week. If the patient’s appetite docs not improve then, how- 
ever, greater effoiis to induce adequate intake of calories and vitamins 
arc required to pre\em mulemutrition. Large amounts of fluids com- 
monly are given to make up for loss due to sweating and to aid in the 
elimination of w.aste products through the kidne>s, but if heart failure 
wiili edema develops the fluid and salt intake should he curtailed. 

ANriRiiEUMATic Drugs: It has been proven repeatedly that the 
v.irituis antirheumatic drugs do not have any effect on rheumatic lesions 
in the heart, in contrast to their dramatic effect on the joint manifesta- 
tions and fever. On tlie other hand, wc believe these drugs may be help- 
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ful in eising the burden of the ovenctiiitj htirt bj relicsing ifnt pirt 
of the nch)cardia ^ihich is due to fever and tovemn Sodiiiin sahqhtc 
'icei) 3 sihqhc ncid or neoeincJiophcn nnj he given to adults in doses of 
1 Gjh (15 grains) ever) Jiour for nine or icn doses iinJess s)niptonis of 
toxicit) appear After several di>s this dose can be decreased gnduall) 
Aminop)Tine is effective m doses of 03 Gni (5 grains) foui 10 six Hints 
dail) and Ins the virtue of seldom causing nausea in therapeutic doses 
Patients receiving it must be watched with special tare houever because 
of the possibility of agranulocytosis developing from us use In treating 
children the amount of whatever drug is chosen is reduced m accordance 
with age 

"WJnle appreciating wlnt these drugs can do to make tJie rbenmatic 
patient more comfortable the physician shoiihl be equally aware of tlitir 
shortcomings and recognize that they have no effect in lessening the 
seventy or duration of the inflammatory changes m the heart 

DiciTVLis The staceinent is sometimes made that digitalis 1$ contra 
indicated m carditis In our opinion this view is emircJy iinjusuncd and 
wclnve found it extremely valuable in both the acute and cJironic phases 
of rheumatic lieart disease As in iJic case of heart disease of oilier 
etiological types digitalis is indicated chiefly in the iitaiment of heart 
failure and aiincular fibnlliuon liiit it sometimes Ins seemed bcncfici d 
in the absence of these if the heart rate exceeds i |o The tablets of pow 
dered leaf are easy to use and aie usually standardized in such a way that 
each o 1 Gm (ii/ gram) equals i cat unit A convenient method of 
administration is to give an initial dose of j cat units followed by - cu 
units SIX hours liter and then by a cat iiims morning and aficrnoon 
until a iherapeutjc effect or ihc earliest synipioms of digitalis toxuily 
appear A daily iimmcnancc dose of i or 2 cat units usually suffices 
thereafter 

^Vhile v\e believe digitalis 10 lie extremely useful in carditis associated 
With heart failute we hcheve loo that in rheumatic carditis |>erlnps 
more than in inosi other eiiologird types of heart disease it is inqiortaiu 
to avoid giving the drug to tlie point of sudi frank toxicity as vomiting 
and touphUf, If caichtis is severe enough digitalization is incfTtxruvc 
and the failure of the jiatieni to lesixmd may result in ilii dosi},e Jiciiig 
inciciscd mm! the vomiting of toxicity is added (o that of visceral con 
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geitjon Tlierefore pitients mdi carditis receiving digitalis must be 
^ratched ^nih special care for evidence of digitalis toxicit) 

Sulfanilamide Because of the apparent connection betucen hemo 
l)tic streptococcal infection and rheumatic fever it is natural that 
sulfanilamide has been tried in the treatment of the latter Recent inves- 
tigations (Suift Moen and Hirst, 1938 Cobiini 1938 Jones 1938), 
however are in complete agreement that the drug is useless m die treat 
raent of established rheumatic fever Indeed there is evidence that it 
ma) make the disease worse Its use in prophylaxis is discussed later 
Pericarditis This component of carditis needs special comment 
because it may require treatment different from that of carditis in gen 
eral if effusion becomes large Even moderate accumulations may add 
to respiratory embarrassment and massive effusion rarely may cause death 
by cardiac tampanade As 1 nile no special treatment is required but if 
dyspnea becomes troublesome pericardial paracentesis should be per 
formed Before doing so one must be as sure as 15 possible that the 
dyspnea increased area of cardiac dullness and roentgenologic findings 
are actually due to massive pericardial effusion because cardiac dilatation 
can simulate them almost exactly In adults the anterior approach may 
be required but in children in whom aspiration is most apt to be 
required the pericardium can be tapped easily from behind (Sutton 
1934) As much fluid should be withdrawn as can be obtained without 
difiiculiy unless the jxiuent develops untoward syanpioms An indication 
for immediate aspiration is a sudden fall in blood pressure in a patient 
waih a massive effusion suggesting as it does cardiac tampanade 

Subacute and Chrome Carditis It is thoroughly appreciated today 
that although much less dramatic than acute carditis the stage of sub 
acute and chrome cardiac inflammation is at least as important All 
patients who have had acute carditis pass through the subacute phase 
during recovery but many others expenence it v\ithoiit ever having 
had the acute disease Tlie care required is prolonged and consists of 
rest good food supportive medication suitable climate and the avoidance 
of intercurrent respiratory infections 

Rest Of all treatment advocated m carditis rest remains the most 
important \ot infrequently the physician faces 1 difficult problem 
because the pauent usually feels quite well and desires to get out of bed 
before his disease has become inactive In spite of his apparent well 
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being, hoise\er certain requirements should be met before he is 
alloued out of bed These are normal temperature pulse and leuLoqte 
count for at least ten consecutne da^s in the absence of antirheumatic 
drugs freedom from all mantfestations of actise rheumatism such as 
joint pain subcutaneous nodules and er^themi marginatum normal 
auricuJoienincuhr conduction time erythrocyte sedimentation rate 
ioithin or very close to normal limits a satisfactory « eight cune and 
good general condition "When Teco\ery has occurred to tins extent the 
patient may sit up for a gndinlly increasing period each day and finally 
may cautiously begin walking and later stair chmbing If at any time a 
setback occurs exercise must be held constant oi the patient may e\en 
ha\e to return to bed 

If the pulse remains rapid when all other signs are favorable tlie 
rate should be counted wlule tlie patient is sleeping for not infrequently 
tadiycardia in these convalescent patients especially diildren has a 
psychogenic cause and the heau rate is normal during sleep This 
psychogenic reaction is not surprising since these children are apt to 
become highly introspective during their long penod of invalidism 
unless care is taken to prevent it Imelligcni management by the patient s 
nurses and parents is therefore extremely important and various forms 
of occupational therapy of great aid 

Diet In the subacute and chronic stage diet should be varied 
appetizing and sufiiciently high in caloric value to cause gradual gam 
in weight These patients usually show a very satisfactory rise m the 
weight curve if the course of disease is satisfactory and indeed over 
weight may even require reduction m tlie amount of food during con 
valescence On more or less empiric grounds diets high m vitamins 
A and C are usually advised 

Drugs Secondary (hypochromic microcytic) nnenim usually is pres 
ent and unless combated tlierapeiitically is apt to be progressive until 
well on into conv'alescence Iron is the drug of choice for this although 
rarely transfusions are indicated Ferroiis sulfate in doses of o 3 Gni 
(5 grams) t i d is a veiy satisfactory form of iron for tins purpose 

Cod liver oil is often given as a general supportive measure If used 
the whole oil is probably best since tliere is no evident lack of vitamin 
A or D and what value it has may be due to he additional calones 
supplied 
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Many oE these patients require mild hvatives because of debility and 
long confinement to bed 

Treatment of Convalescence This is merely a continuation of rest 
nourishing food general care and medical supenision combined \\ith 
gradual increase of daily activiiies until die customary mode of life has 
been resumed Many patients can obtain this type of care in their oun 
homes but rheumatic feter is esscnually a disease of the poor r\ho often 
must return from the hospital to cioitded and unhygienic conditions 
Wlien openings are asailable such patients usually are sent to comalescent 
homes but these tvhile excellent for patients uhose disease has become 
completely macine usually require too much exercise for those s\ith 
persistent low-grade actiMty There is need therefore for more sanatoria 
for the care of conxalesceni rheumatic cardiacs similar to those proxided 
for patients with tuberculosis While some institutions of this type are 
now m operation the program of construction lags far behind that of 
tuberculosis sanatoria As rlieumatic hospitals and sanatoria are built 
boss ex er it is important tint careful study of tlieir usefulness be made 
for there is no certainty as yet of their ultimate x-alne Thus several studies 
(McCulloch and Irvine Jones iq-’Q Halsey 1938) indicate that a sojourn 
m exen the best conxalescent hospitals for rheumatic cardiac children 
does not decrease a child s susceptibility to recurrent attacks of rheumatic 
fexer after return home Stroud (1933 ami 1939) on the basis of his 
extensive experience at the Philadelphia Childrens Heart Hospital is 
convinced that children vsith low grade actixe rheumatic carditis are 
benefited during convalescence there but in a i^ year follow up study 
of such children he found the mortality figures over tliat period of time 
to be about the same as for similar children gixen convalescent care in 
their own homes It is pointed out beloxx that tropical and subtiopical 
climates seem particularly benefiaal to rheumatic subjects and it may 
be that in the futuie sanatoria in siidi suitable climates will prove to 
be of especial importance m the treatment of this disease 

Chmatotherapy Many studies haxe shoxxn that rheumatic fever is 
much less common in the tropics than in northern climates Because of 
this Cobum (1931) transported a group of rheumatic children from 
\ev\ \ork to Puerto Rico and found that tliey did xery x\ell vxhile tliere 
but soon dex eloped rheumatic relapses after return home Jones ^\Iute 
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Roche, Perdue and R^an (t 937 ) h'^'c made a more e\tcnsi\c stud) of a 
group transported from Boston to Mnmi, hut obtained much less strik- 
ing results Nescrtheless, if is probable that cUmatothrrajry has atx 
important place in r/jcu»iifi/ic fever, although die good results are apt 
to be temporar) unless the patient remains in the neu ciwironmcnt 
The evplanation of this beneficial effect is not known with ceriamis, but 
It probabl) is the same factor that causes improNcment in rheumatic sub 
jecis during the summer and earl) fall in the northern states 

Eradication of Focal Infection* In spite of much discussion of 
tonsillettoni) in the treatment of rheumatic fc\cr, its salue remains in 
doubt A few' of those adsocatiiig tonsiHcaoni) recommend tint ii be 
done earl) in the acute phase of disease in the hojie of presenung serious 
cardiac damage (Robes and I inland, 19 jo), but the majorits belies c 
operation at this stage to be dangerous and do not attempt it until the 
patient is con\alcscent Statistical stud) of tlie ultimate \4aluc of tonsil 
leciomy in rheumatic fescr is disappoinimg ‘Wilson, I ingg and Croxford 
(1928) . Hill (192829) Ash (1938) and others, Ime compared the 
incidence of rheumatic relapses among thildrcn who base hut their 
tonsils remoaed and those who ha\e not and hasc found no significant 
diffeieiKC Kaisers (1932) stud) of 48.000 school children suggests that 
tousillcctoiu) has no effect on the course of disease in those who have 
prestoiisl) been the subject of rheumatism, but that u lends to lower the 
attack rate of rheumatic feser among iliosc who ha\e not alreadi had it 
E\cn less is known about the \aluc of treating infected teeth and sinuses 
It IS our practice, therefore, not to urge tonsillectoni) and similar pro 
cedures as routine measures in treating rheumatic fever, but to consider 
each patient as an individual problem 

Treatment with Serums and Vacanes; As carl) as 1902. Menzer 
adsocated the use of an antiserum m the treatment of rheum uic fescr 
This idc.i was rc\nc*il in 1927 b) Small, who prepared an anuserum 
against an indifferent streptococcus which he called Stieptococcus rardio 
«rl/jri/irfi5 Subsequem conirolled studies using \arioiis aiuistrcptoct>cral 
serums (Hitchcock. McRwcn and Ssvifl, 1930 Cobnni. igji and 19*^-, 
Wilson, 1930) base shown such thcrap) to hasc no saluc 

Vaccines likewise ha\c been disappointing The theor) tint rhcii 
mane ft\cr miglit be due 10 h) jwrscnsitu it) to sticptococci (Swift. Dtnrk 
and Hitchcock. 1928) led to studies of the |)Ossihiht) of desensitizing 
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rheumatic subjects ^vuh streptococcal \accines {Sunft, Hitchcock, Derick 
and McEuen 1930) Earlj chmcal obsemtjons suggested that the pro- 
cedure might be of \ilue (Sivifi and Wilson 1931 Collis and Sheldon 
1932) , blit subsequent stud) did not bear this out (Wilson Josephi and 
Lang 1933 McEssen and DeLiee 1936), for treated subjects fared no 
belter than untreated controls 

Fever Therapy Sutton (Sutton 1931 Sutton and Dodge, 1933 and 
1936) has shoun that chorea clears up rapidly under the influence of 
fe\er therap) Recently (Sutton and Dodge 1938) a comparatise stud) 
of chorea patients treated and unireatcd uith feser tlierap) has suggested 
that this fonn of treatment may Jiaiea beneficial effect on the seieniy of 
subsequent rheumatic cardiac lesions The usefulness of this procedure 
in patients uidi carditis is obiiously still m the evperiinental stage and 
should not be attempted in general practice because of the dangers 
msohcd If subsequent uork is confirmatory houeser, it may prove of 
value m carditis as well as in chorea 

Treatment of Inactive Rheumatic Heart Disease Patients with 
inactive rheumatic heart disease may have no complaints of any kind or 
may have varying degrees of diminished cardiac reserve up to frank heart 
failure even at rest Those without symptoms even though they maj 
have definite physical signs of valvular damage require no treatment 
other than occasional check up by the physician and general measures to 
keep them in the best possible heihh // there ts no dtminnlion of 
reserve physical activity should not be limited u ith the possible exception 
of the most violent sports and the heaviest labor In the case of intro- 
spective individuals care must be taken to prevent the development of 
anxiety states leading to psychoneuroscs 

If symptoms and signs of congestive heart failure appear treatment is 
like that of failure in any other type of heart disease (see Chapter \\\\^ 
uiih the exception that a new attack of active carditis must be carefully 
looked for and if present the patient must have rest not only until failure 
has cleared but also until all evidence of active disease has disappeared 

Prevention Because of the imcertaimy regarding the etiologv of 
rheumatic fever it is obvious that a discussion of its prevention must be 
unsatisfactory Several factors appear to be important however, and will 
be considered briefly 
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Avoidance of Infeciiov Although the mecliantsni reimins in doubt 
there is little question todi) that infection hemolytic streptococci and 
jiossibly by other microorganisms is Inble to be folimved by rheumatic 
fever m susceptible indi\idinls Every effort should be made therefore to 
piotect those known to be susceptible Tlie patients family must be 
made thoroughly aware that what is just a sore thioat to them may mean 
another attack of rheumatic fever to lum and must be taught how to 
avoid spread of infecuon from other members to the patient Such 
instruction should include the technic of avoiding droplet infection and 
of sterlizing dishes used in common by the patient and those with colds 
and sore throats In hospitals one must be constantly vsatchful lest a 
patient w ith rheumatic heart disease be placed next to one w itli hemoly tic 
streptococcal infecuon and visitors and attendants with such infection 
should be excluded from the wards 

Tonsillectomy would seem to be a rational preventive measuie m 
lessening suscepubiluy to thioai infecuons but as has already been 
mentioned Kaisers (igs”) results indicate that if it is to be of help it 
must be done befoie the first rheumatic attack It is probably advisable 
therefore in children with a rheumatic family history v\ho are subject 
to sore throats 

Drug theral)) as a prevemive measure Ins offered little promise in the 
past Poynton and Schlesmger m 1951 reported that the administniion 
of sodium salicylate to rheumatic subjects during upper respiratory infec 
tioiis and for several weeks thereafter would prevent rheumatic relapses 
but the experience of others Ins not corroborated this Recently the 
introduction of sulfanilamide has offered new promise Administration 
of the drug once a hemolytic streptococcal sore throat has started has not 
prevented rheumatic recrudescences (Cobum 1938) but there is sug 
gestive evidence that daily administration throughout the year will reduce 
the incidence of relapses in rheumatic subjects by preventing hemolytic 
streptococcal infection (Coburn 1938) Tins use of the drug is still m 
the experimental stage and should be tried at present only in the case 
of patients in hospitals where careful clinical and laboratory ohserva 
lions can be made Obviously it will be extremely important if further 
study proves the preliminary work to be correct 

Immuni^fion against rheumatic fever and hemolytic streptococcal 
infections by means of vaccines has been unsuccessful to date 
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Climalotherapy Although considered separative!) it is very possible 
tint climatotherap) also acts by preventing upper respiratory infection 
Fiom vs hat has alread) been said about the beneficnl results obnintd b) 
transporting rheumatic fever patients to the tiopics (Coburn 1931 ) , its 
usefulness m preventing recurrent rheumatic attacks seems obvious For 
those vsho can afford it and who do not wish to remain permanent!) in 
the tropics sojourn there during the months when rheumatic fever is 
most prevalent (November through May for the United States) would 
appear to be reasonable 

General Hygiene Finall) it is obvious that an) measuies such as good 
housing, sunlight good food fresh air and exercise which tend to 
improve the patients general health and evert a beneficial effect on his 
resistance to infection in general must also be of importance in the pre 
vention of rheumatic fever 
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CHAPTER IV 


THE EPIDEMIOLOGY OF RHEUMATIC FEVER 

By John' R. Paul, M.D. 

GENERAL PREVALENCE 

The pre\alence of rheumatic fe\er and us most serious manifestation, 
rheumatic heart disease, is conditioned by man> factors. On the one hand 
there are those of climate, geographical location and Using conditions; 
and, on the other, there seems to be a predisposition to the disease, 
which is hereditar). Consequently, broad statements about general prev- 
alence are not particularly informatise, but ue can at least say that it is 
one of tlie most important and most common infectious diseases in this 
country. Tlie same may also apply to all of tlie temperate regions in the 
world And yet, ns it is a reportable disease only in a few countries and 
small communities, exact pres'alence or incidence figures are generally 
not available The problem might be simpler if all that we wished to 
know were the case rates, and the death rates of the acute phase of the 
disease. But, unfortunately, the real significance of rheumatic fever lies 
not in the acute illness it produces, but in ils chroniciiy, its tendency to 
recur, and in its healed residual lesions. The best we can generally do, 
therefore, is to estimate this on the basis of clinical experience in differ- 
ent regions To begin, we may turn hopefully to some of the surveys of 
hoslntal admission ralfs for active rheumatic fever throughout the world, 
and in this country. i- 2 3. 4 These rales sliow a significant differente in 
prevalence in different regions and climates, wiili an apparent decrease 
in the prevalence of the disease in tropical and subtropical regions. In 
temperate climates the hospital admission rates for active rheum.uic fever 
may reach impressive figures, ranging from about one to three per cent 
of all admissions. If both active and inactive forms of the disease are 
included, these admission rates may I>c as high as from three to seven 
per cent, which is a figure memtoned by Swifts for large general hospiuils 
( 81 ) 
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in Europe and the United States It s\oiiId thus seem that in temperate 
climates at least the prevalence oE the disease lies not far behind that of 
tlie tno commonest chronic mfections namely tuberculosis and syphilis 
Another method of measunng the prexalence of rheumatic fe\er 
alUtough It is a less direct one lies on determining the prei-alence of 
inactive rheumatic heart disease or in other words the heart disease 
lates m gioups of )oung people In tlie United States such estimates 
have been made from heart disease surveys upon groups of young adults 
which include college students C men drifted for military service " and 
gioups of industrial workers 8 In these adult groups rheumatic heart 
disease lias been found to be present m from o8 to 2 o per cent of those 
examined More informative data have however been obtained from 
similar surveys upon groups of school children 0 By and large the school 
childien groups furnish a better cross section of the local population than 
do adult workmen and at present at least they offer the best source of 
reliable information about the actual prevalence of rheumatic heart dis 
ease in different localities Surveys from Europe England 0 South AEncaO 
and Australiaio list rheumatic heart disease as occurring m from 0 i to 
2 0 per cent of the school populations In this country similar estimates 
from the cities of Boston New York Chicago 0 Philadelphia 0 11 and 
others furnish us with rates ranging from 05 to 14 per cent Occa 
sionally higher figures have been found when heart lesions have been 
searched for with particular care /\mong Indian school children m the 
w estern part of this country 2 o per cent of 2800 school clnldren examined 
were found to have rheumatic heart disease 12 and among s6oo school 
children in ^ew Haven Conn the rate was 2 per cent 0 It is the 
authors opinion that we may not be far WTong m saying that almost 
2 o per cent of the grade school children throughout the northern part 
of this country have rheumatic heart disease This sounds alarmingly 
hi"h but it does not follow that all children in whom rheumatic heart 
disease is detected between the ages of 7 and 14 will continue to show 
signs of this condition for the rest of their lives In fact it now seems 
definite from the observoitions of Ehleris and of Bland Jones and 
White 14 that in some of these children tlie signs of heart disease 
eveiituaJly disappear Particularly is this apt to occur about the age of 
puberty It is unlikely of course that the lesions of rheumatic heart dis 
ease completely disappear as well as the signs but it would seem at least 
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as if such cases i\ould pass into tlie category of subclmical rheumatic heart 
disease, and, as such they should not be included among clinical preva 
lence estimates 

And, finally , from mortality sfaUsltcs some information may be den\ ed 
about the general prevalence of rheuinauc fe\er and carditis In this con 
nection it should be recalled that rheumatic fever produces a high degree 
of morbidity but a low acute mortality In fact, lE all age groups are 
considered, death is said to occur in less tlian one per cent of the so-called 
acute cases On the other hind, if, as uas done by Gloveri^ m England, 
an age group betueen lo and 15 is taken (the age at vihich the disease 
IS most acutely fatal, vvitli a mortality in hospitals occasionally reaching 
13 per cent), it has been found that rheumauc fever causes 5 j per cent 
of all deaths, and heart disease (80 per cent of which at this period is due 
to rheumatic fever) , 10 8 per cent, or a total of 162, four fifths is much 
as all forms of tuberculosis and more dian twice as mudi as measles 
scarlet fever, and diphdiena combined Among adults, an analysis of 
mortality rates for this condition should also include old rheumatic heart 
disease Staiisitcally speaking, old rheumatic heart disease has, for many 
years, been buried under the unqualified term, heart disease, and the 
older the patient becomes, the deeper is tlie grave, so the task of the 
analyst is not easy Recendy, Iiowever, a valuable contribution to die 
mortality rate of rheumatic heart disease has been made by Hedley v\ho 
carefully collected data from the aty of Philadelphia during the year 
,936 Old and inactive cases of rheumatJC heart disease, subacute 
bacterial endocarditis siiperim|>osed on rheumatic heart disease, rheu 
matic fever and chorea were all included among his causes of death 
attributable to rheumatic fever From this survey he estimated that the 
total mortality from rheumatic heart disease was 25 to 30 per 100 000 In 
comparing this with other infectious diseases, it is thus found that rheu 
matic heart disease was exceeded as a cuise of death only by tuberculosis 
lobar pneumonia and syphilis \mong the essentially clironic infectious 
diseases it ranked third, exceeded only by tuberculosis and syphilis This 
more or less substantiates tlie impression gained from morbidity surveys 
of hospital admission rates for rheuinauc fever and cardms, mentioned 
earlier in this article "We can reiterate, therefore, with some confidence 
tliat rheumatic fever is one of our most important and common diseases 
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BACTERIOLOGY 

No atiempt uill be mnde to the enormous Iitenture dealing 

tvitJi die search for a specific bacterial mcitint in rheumatic fever, for 
this subject asould reall) a\ arrant a special chapter More attention has 
been paid to streptococci than to other t)pes of bacteria and m brief it 
can be said that most avorkers inxestigatmg the cause of rheumatic fever 
seem to hai e been forced at some time to a consideration of the role \\ Inch 
tlie> may play The association between S/rc/i/ococciis hemolyticus infec 
tions of the upper respiratory passages and rheumatic fever is indeed 
strong, for a high percentage of acme attacks of the latter disease seem 
to be initiated by such infections Such infections include those of acute 
tonsillitis scarlet fever otitis and sinusitis to mention but a feu It is a 
common observation to see signs of either a primary or a recurrent attack 
of rheumatic fever appearing close upon the heels of one of these 
streptococcus infections This phenomenon has been studied extensively 
bv Coburn 17 to uhom much of our knowledge about the situation is due 

In keeping with this same concept of the pathogenesis of rheumatic 
fever is the epidemiological evidence of its association with hemolytic 
streptococcus infections Atuateris and RosenauiP Jn\e pointed out 
that parallelism seems to exist between the incidence of rheumatic fever 
and the incidence of streptococcus diseases that a good year for streptococ 
cus diseases is a good year for rheumatic fever Sufi more informative 
data have recently come from Denmark vvliere rheumatic fever is a 
reportable disease Here MadsenSO has found that the seasonal incidence 
curve for rheumatic fever and that for toiisilhlis scarlet fever and ery 
sipelas are of essentially the same type But the peak for streptococcus 
infections is sharper and is reached in November vshich is two months 
earlier than the peak for rheumatic fever which occurs in January and 
follows a flatter curve 

Nevertheless in spite of su^estive clinical and epidemiological evi 
dence which points an incriminating finger towards the hemolytic strep 
tococcus most students of this subject agree that for an adequate under 
standing of the cause of rheumatic lever other things must be considered 
besides tins bacteriological agent Certainly it is but a small percentage 
of patients infected by tins organism which develop clinical rheumatic 
fever There is more to the problem than mere contact betvseen the host 
and this parasite But whether rheumatic fever represents a peculiar 
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immunological response lo streptococcus infections tvhieh is perhaps con- 
ditioned by environmental factors, or tvhether streptococcus infections 
merely activate another condition •which may be latent in the host, or 
whether patients with riieumatic fever are pectiliarly susceptible (per- 
haps on an hereditary basis) to infections by the streptococcus, are 
unanswered questions. It would, indeed, seem that there must be certain 
important factors standing between the host and parasite, so to speak, and 
that perhaps the nature of smceptibilUy represents one of the greatest 
problems which demands solution if a better appteciation of the patho- 
genesis of this disease is to be gained. 

PREDISPOSING CAUSES 

1. General: (a) Sex: Among cJiildren it has been the general experi- 
ence that girls are more fiequently affected than boys in a ratio of about 
Go to 40 per cent, respectively. In hospital cases, embracing all ages, there 
is approximately an equal division between the sexes. 

(b) Age: In its familiar forms, rheumatic fever is a disease of child- 
hood and young adult life. From a clinical standpoint, the acute forms 
are uncommon after 40 or 45. It is also rare in infants under two years. 
About 40 cases have been reported in infants under one year of age, most 
of whom were being nursed by mothers suffering from acute phases of 
the disease. 

It is probable that many of the juvenile forms of the disease, particu- 
larly those in which joint symptoms were absent or minimal, have gone 
unrecognized, so that much of the older daw on the age incidence are 
inaccurate. Furthermore, owing to a peculiar tendency for the recurrence 
of acute attacks of this disease, all statistical data on the age incidence 
should be viewed critically as to whether only primary, or primary and 
recurrent attacks are included. It should also be known whether the 
patients hi any given series represent a selected group. In RolIy’s21 series 
of 1450 cases, for instance, collected in igao in Leipzig, which included 
botli primary and recun'ent attacks, 75 per cent of such attacks occurred 
between the ages of 15 and 30, the largest number being found at the 
age of 18! On the other hand, in Mackie’s22 series of 40 cases, collected 
in New York City, in which only primary attacks were included, the great- 
est number of cases occurred between 10 and 15 years of age. IVh’lson, 
Lingg and Croxfordss place the maximum incidence of initial attacks 
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at still nn earlier age, stating that in a senes of 113 children attending 
cardnc clinics m Netv York Cit), g8 4 per cent occurred before the age 
of 15 the a\erage age at onset being 7$ }ears Tliese investigators and 
others 24 25 believe that susceptibilit> to the infection begins to diminish 
about or before the age of 12 This diminishing susceptibility which pro- 
ceeds during and immediately after the years of puberty is a feature of 
clinical as well as epidemiological significance Reference has already 
been made in this article to the fact that clinical signs of rheumatic 
cardms may regress during this period (puberty) and that tins fict is of 
sufTiaent numerical importance to warrant its consideration when lieart 
disease rates are being determined among school children of different 
age groups Obviously it also has an important clinical bearing upon 
questions of prognosis and ireaimeni of the adolescent rheumatic patient 
2 Environmental (a) Cfogra/j/itcal and Clirnt:/ohgic Tlie dis 
ease is widespread throughout die world although it seems to be a fairly 
well established fact tliat it is less common and less severe in the tropics 
as compared with temperate climates simulating in this respect scarlet 
fever GhrkeSO who reviewed the geographical distribution of the dis 
ease states that according to die returns of medical departments diere 
IS about 15 times as much rheumatic fever in temperate climates as there 
IS in the tropics But the rarity of rheumatic fever in certain parts of the 
world should be accepted widi caution for the disease 1$ often readily 
overlooked Dieuaide2" has pointed out that the disease was diought to 
be rare in China but this did not prove to be true of Peiping when they 
began to look for it Nevertheless many agree that rheumatic fever mam 
tains an unusually high incidence in England As already mentioned 
hospital statistics from North Amenca record a higher incidence of the 
disease in the North and Middle Atlantic states and Canada as opposed 
to the Southern states 1 2 3 4 Paralleling tins decrease in rheumatic 
fever tn the South there is also found a decrease in rheumatic heart dis 
ease according to observ^tIons from Florida 4 2S Another evimple of 
this may be found in a recent study of the prevalence of rheumatic carditis 
amonc'- Indian school children in the West, ashere it was found to be 
almost ten times as prevalent in the Northwest as in the Southwest 12 
Closely associated with geographical location is the question of 
climate 29 \\e find that the acute stages of illness follow a distinct seasonal 
trend which seems to differ in different localities although the greatest 
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number of acute attacks generallj otxur m the colder and tsetter months 
of the ^ear In England rheumatic fever is generally more prevalent m 
the Fall in Denmark in Miduinier 20 In the eastern part of ilie United 
States it reaches a maximum incidence during the late Winter and early 
Spring months *^0 Cold weather in itself does not seem to be a predis 
posing factor for the rarity of the disease in arctic regions would support 
this view Cold coupled with dampness are however climatologic condi 
tions which have been said to favor its development but although this 
belief has long been held attempts to analyze these factors have met with 
stubborn resistance In this connection attention has been called to the 
fact that during tlie Woild War rheumatic fever was scarce among troops 
in action exposed as they were to excessive cold and dampness and that 
the disease appeared more frequently among troops quartered in barracks 
Reports from German French 32 and BntishSS sources mention 
this fact 

In brief therefore the situation resembles one which prevails in 
respiratory infectious diseases which find their highest incidence during 
the colder months and under sttuauons which promote CTOwding within 
doors 

(b) Social and Living CondUtons Rheumatic fever is more preva 
lent among industrial and urban populations than rural ones 34 It is said 
to find a particularly high incidence among river front dwellings in indus 
trial towns 35 but whatever the relationships between damp housing con 
ditions and the inadence of rheumatic fever may be it must be an nidi 
rcct one Poverty and its attendant conditions seem to furnish favorable 
soil for Its development and in England the statement has been made 
that the disease occurs perhaps 20 to 30 times more frequently among 
poorer children of industrial towns than among children of the well 
to-do 15 Among well to do school children and University students m 
New Haven Conn the prevalence of rheumatic heart disease was found 
to be considerably lower (one eighth to one half) than that found among 
the poorer pupils and students *> The more marked differences in the 
social prevalence reported in England have not however been noted in 
this country 

Intimately related with the problem of poverty are those of malnu 
tntion crowding uncleanhness poor ventilation and the presence of 
vermin All of these factors have been considered of possible importance 
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m the spread of the disease but the actual part a\hich the) play is 
unknown Possibly the situation is analogous to that seen in tuberculosis 
where malnutrition and poor hygienic surroundings render conditions 
faiorable for the development and niamienance of the infection 

Recent work on deficient diets m rheumatic fever which implicates a 
deficiency of vitamin C "*0 as a factor predisposing to rheumatic fever 
should receive thoughtful attention It has not however been widely 
repeated or accepted 

3 Hereditary (a) Racial SuscepUbtltty Statistics from large hos 
pitals m New York City in which many races are represented among their 
patients tend to show that the disease is more frequently encountered 
among patients of English Irish and Italian extraction so The cause of 
the differing inadence however is not as yet clear when u is recalled that 
these figures are dependent upon man) complex hctOTS including those 
which are responsible for bringing people to the hospital so that such 
data cannot be used to postulate that actual racial predispositions to the 
disease exist 

(b) Anthropological Types Many investigators believe that certain 
types of individuals are peculiarly susceptible to the development of rheu 
matic fever 3" 38 but here again data regarding tJiese views are some 

what conflicting 30 40 

(c) Familial Prevalence The concentration of rheumatic fever 
within certain families has long been recognized as a prominent feature 
of this disease Like tuberculosis rheumatic fever is said to run in 
families and the degree to which this is true is about the same for the 
two diseases It has been shown for instance that in families m which 
the parents have suffered from rheumatic fever the prevalence of this 
disease is more than twice as high among the children than m other 
families Cohn states that m so-called rheumatic families eight to ten 
per cent of exposed persons are infected as against •» 9 per cent in the 
families of healthy controls More recently this same general ratio 
Ins been also found by Read42 and her co workers in the families of a 
small group of rheumatic children as opposetl to those of a control group 
of children admitted to a tuberculosis clinic One great difficulty of com 
paring figures on familial incidence depends howevci upon tlie investi 
gator s definition of what constitutes a family group as well as his criteria 
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for establishing the presence of rheumatic feser m those members which 
are included in the familj group 

The findings in identical twins are interesting in this connection and 
perinps more informatne Wilson and Schweitzer s-is four pairs of ideii 
tical twins were all alike in having rheumatic feier whereas of 12 pairs 
of fraternal twins file pairs had similar incidence and seien pairs had dis 
similar incidence Similarly katifmann and Scheercr-^^ describe 72 sets 
of twins ivith acute artiailar rheumatism Among their 27 sets of 
unioMilar twins the disease was present in both five times whereas among 
their 45 sets of binovular twins it was present in both but once The evi 
dence that some hereditary factor is operative in rheumatic fever becomes 
substantiated from these observations but its degree of importance is still 
undetermined 'W hether it is as prominent as m a disease such as asthma 
for instance is not known In spite of a good deal of work on this point 
It seems that we cannot )et improve upon the sniement made by Cheadle 
50 years ago that the tendency to rheumatism is transmitted **5 

An illustrative methodic ^7 useful both for clinical purposes and for 
the analysis of the relative importance of hereditary and environmental 
factors lies m the employoneni of diagrams similar 10 those previously 
devised for the study of these factors in tuberculous families In Fig 1 one 
of these diagrams appears showing a sample rheumatic family from the 
files of the New Haven Hospital and Dispensary Charted on the vertical 
lines (representing different individual members of the family) are points 
at which rheumatic fever appeared in tins family and the time and age 
relationships between the multiple familial cases can thus be seen at a 
glance From a large series of these charts one can attempt to answer tlie 
question as to how often the disease spreads horizontally (that is how 
often multiple familial cases are acquired more or less simultaneously) or 
hov\ often the disease spreads obliquely (that is how often multiple 
familial cases are acquired in progression as each child reaches the age 
of seven 01 nine years let us say) From our own studies'll 47 wq have 
concluded that multiple familial cases are usually acquired simultaneously 
among siblings during their age penods of greatest susceptibility to the 
disease outside this period the familial cases appear more at random 
Much work remains to he done on the familial epidemiology of tins div 
ease The lesiilts which emerge from the work to date iniglit be sum 
marized in a clinical statement which is that given a family viith young 
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children in ivhich both parents are iheumatic (that is, both either have 
or have had rheumatic fe\er) when an epidemic of Slre{7tococcus hemoly- 
hens infection occurs in this family group, tliere is apt to be trouble in 
store. In other words, regardless of the initial form in rvhich this infection 



ricuRE 1 Diagram of sample family (Mn) uiih four children, each inemlier 
ixing designated by a S'ertical line It shous that the father had rheumatic feser and 
carduis as a bo) In 1929 he suffered from a scserc sore thnni of two months duration 
At alxiut this lime two of the children, agcsl sesen md four rcspcciisel), had aiiacts 
of rheumatic fever, one of them accompaiiiw by sesete heart disease This simultaneous 
cKCurrencc of severe, upper respimtorv infections and muluple cases of rheumatic fever 
svithm families has ocairred noc infrequently In oiir studies 

may manifest itself, i e., tonsillitis, otitis, satrlet fever, etc . the chances 
arc that the children will suffer from more rheumatic complications than 
will the children of nonrlieumatic parents. 
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EPIDEMICS 

These have been recorded in fcimihes,-i6 houses, 4S 49,50 bar 
racks, 15 32 51 52 schools and colleges,53, 54. 55 and in communities 52 
Some of tlie accounts describe i\aies of increasing incidence of the dis 
ease, others explosiie outbursts, in ivhicli a series of cases has been appar 
entl) miuated among (n) indniduals who gave no evidence of having 
previously had the disease, and (b) individuals who Inve had tiie disease 
before The latter situation has been described among children con 
valescing from subacute phases of rheumatic fever in hospital wards,5C 57 
convalescent homes, 58 and cardiac camps.so and the "epidemic* has gen 
erally followed an epidemic of upper respiratory infection of streptococcus 
oiigin 

^Ve have no explanation for the epidemics of type (a). It can be 
pointed out, neveitheless that m any "epidemic” of hemolytic strepto 
coccus infections, a certain percentage of those infected may contract 
rheumatic fever perhaps as a ‘‘coml>lication” Just what this percentage 
IS (of those who develop these ‘complications’) is unknown It would 
depend as has already been pointed out, upon the age of the group 
involved and perhaps upon the strain of streptococcus involved, for, 
according to Glov er and Grifliih.oo different epidemics caused by different 
strains of Streptococcus hemolyticus, give rise to different rates of rheu 
malic fever Of tire other epidemics— type (6) , however, lire explanation 
IS a little more apparent, for, if an epidemic of 'itreptococcus hemolyticus 
infection occurs in a population composed of individuals who are highly 
susceptible to rheumatic fever (such as a group of those who have 
previously had tlie disease) then we may expect a high rate of “rheu- 
matic complications to occur This may happen in hospital wards oi 
convalescent homes or camps, and heicm hes tire explanatron for some 
of the concentrated groups of cases which have been reported as epidemics 
of rheumatic fever 

CONCLUSION 

Rheumatic fever is a common and serious infectious disease in whidi 
neither the pathogenesis nor the complete clinical picture has been estab 
lished It is a disease that is often assoaated with or follows close upon 
tlie heels of a Streptococcus hemohticus infection It is commoner in 
temperate than in tropical or subtropical climates It finds its highest 
incidence among the poorer classes of urban and industrial populations 
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II has 1 familial pTC\alencc closel) resembling tint of tuberculosis and 
children of rheumatic parents seem to be more apt to acquire the disease 
than do those of nonrheumatic parents Its jicriod of greatest susccpii 
bihi) seems to he beiueen the ages of 5 and \j Under certain condi 
tions epidemics of the diseise ma^ ipjicar in finnhcs and in insmutions 

REFERENCES 

1 Faulknfr J M and^\nrrt PI) J \M V 4io (\iig 9) 1921 

2 Harrison 1 R and Lr nine S \ Southern M J /7 9I1 (l)cc) 1921 

3 Sfigal D and SrrrAE DC J \ M \ ^9 ll (Juh 2) 1927 

SiFC\L D SncAT 11 C amlJovT EL \m J \1 Sc. 199 383 (Sept) 

1930 

4 NiciioL, E S J Lab and Clin \IetI 2/ jS8 (March) I95{> 

5 SiMFT H F Rheumatic l-cxti Nelsons I-orisc Leaf I uing Sfcdicme 

i 401 Thomas Nelson S. Sons 1920 

6 PauuJ R andLiDDi V \ Am J \f Sc 7 ^/ j97 (Nov) 1932 

7 Love A G and Davim*ort C 11 Defects lottnd in Draftetl Men 

Washington 1920 

8 Figures quoted in Reftrence* 

9 Literature suninnn/id b> Paui J R Harrjvon E R Svuncfji R 

andDrFoRF^ G K Sm J M Sc /W 301 (Sept) 1951 

10 Maddox K M J \u5iraha / 591 (Marcli IS) I2S (March 20) Ifl 

(\farcli 27) 499 (\pril 5) 1937 

11 Caiian j M \nn Im Med JO 17j 2 (June) l‘*S7 

12 PADI, J R and Divon G L J \ M \ 705 2090 19) 1957 

13 LiuJ^R \ \ Nalc J Biol and Mcvl 5 509 (Ju!>) 1935 

11 Bland E F Jonia 1 I) and Uiim PI) J \ M \ 707 5r9 (Vug 

22) 1930 

15 Glomr j V Lancet I iOi ()firc4i 5) 1930 

16 Hiduv of (a) j \ M \ 705 ilOj (Nov 2) 1935 and (b) Pub 

Health Rep 52 1907 (Dec 31) 1937 

17 CoBLaiN \ F The Factor of Infection tn tlic Rheumatic State 

Williams an<MWlJ.ins Co BaliinitHT 193J 
CoBtRN \ F atKiPAtii R H J Exjkt Med 5i5 fD9 633 fjl (N01 > 
1932 Set al-rf) Reference 3** 

J8 Vtvvatfr R M \m J n>g 7 313 (Ma)) 1927 

19 Rosesal M j Tr \ \m Ihvsicnns f? 171 1928 

20 Madvjn 1 \brali im He\ncr Lectures Sena \ p 125 Williams ami 

W liVins Co Baltimore 1937 



9G CARDIOVASCULAR DISEASE 

21 Roll\, F ‘ Dtr aEuie Gclcnkrlicuniatismiis/ Berlin 1920 

22 Mackie,T T Am J M Sc. J 73 199 (Aug) 192G 

23 AVilsov, M G Lincg, C , and Crovford G Am Heart J ^164 (Dec) 

1928 

'Wilson, M G J Pcdiai JO 456 (April) 1937 

24 Paul, J R J Clin Investigation 53 (April) 1931 

25 Leonard, iM ^m Heart J IJ 192 (Aug) 1937 

26 Clarke. J T J Trop Med SJ 249 (Sept 1) 1930 

27 Dieuaide, F R Tram A Am Physicians 52 379 1937 

28 Bitzer, E and Cook, G L South M J 27 503 (June) 1934 

29 More data on this subject uill be found in the Reviews by Hench P S , 

and co-authors Ann Int Met! P 883 (Jan ) 1936, 10 754 (Dec) 
193G. and JJ 1089 (Jan) 1938 

30 Sutton, L P Am Heart J 4 145 (Dec.) 1928 
3! Freund, E When klin W'chnschr 2S 316 

32 Grenet, M H Presse med 52 428, 1915 

33 Coombs C F Rheumatic Heart Disease, Bristol 1924 

34 Miller, R. Brit M J (Supp) 2 5 (July 3) 1926 

35 Thomson A P Birmingham M Rev I 7, 1926 

36 Rinehart, J F J Lab and Chn Med 2/ 597 (March) 1936 

37 Krctz, J When Arch f inn Med 75 263 (Nov) 1926 

38 Hammerschlag E Wten Arch f mn Med 73 361 (Nov) 1926 

39 Child Life Investigations Soaal Conditions and Aaite Rheumatism, ’ 

Med Research Council, Speaal Report Senes, No 114, London 1927 

40 Hill,N G, and Allan M Brii M J 2 499 (Sept 14) 1929 

41 Cohn, A E Am Heart J 2 275 (Feb) 386 (April) 1927 

42 Read, F E M Ciocco A and Taussig, H B Am J Hyg 27 719 

(May) 1938 

43 \ViLSON M G, and Schweitzer, M D J Clin Investigation 7^555 

Only) 1937 

44 Kaufman'N, O , and Scheerer, E Ztsclir f nienschl Vererb u konsti 

tuiionslehre 27 687, 1938 

45 CHEADX.E, \V B Hirveian Lectures on llie Rheumatism of Childhood 

Smith Elder and Co , London 1900 See also earlier editions 

46 Paul, J R , and Salinger, R J Chn Investigation 70 33 (April) 1931 

47 Paul, J R Sauncer, R , and Zucer, B J Chn Investigation 75 503 

(May) 1934 

48 Zdlefsen Verhandl d Cong f inn Med 4 323, 1885 



CHAPTER V 


RHEUMATIC FEVER: EVALUATION OF 
ACTIVE INFECTION 

By T. Duckett Joses, M.D. 

Introduction: The greatest diflictilties relative to the evaluation ol 

rheumatic fever do not occur wlien the patient is acutely ill. True there 
are many diagnostic problems among patients having abundant evidence 
of severe illness. Some of these decisions are difficult clinical problems. For 
instance, it may be all but impossible at times to determine tvhether a 
patient has rheuniatic fever or the acute onset of rheumatoid arthritis, or 
of Still’s Disease in children. An interv'al of months or even several years 
may be required for this differentiation. Recently, lupus erythematosus 
disseminatus seems to present a more common diagnostic problem. In a 
patient svitli previous rheumatic fever or rheumatic heart disease, it may 
be difficult to determine whether the patient has rheumatic fever or 
subacute bacterial endocarditis. In this same group of patients, the ques- 
tion often arises as to whethei active rheumatic fever may be playing 
any role coincidental!) with other disease processes. 

Impossible to answer as some of the above questions are, the com- 
moner and perhaps the more important problem, relative to a patient with 
prenous rheumatic feser, is die determination of whether rheumatic 
fever is in an active stage or not. TTiis evaluation or determination of 
the activit)’ of the disease process must be kept continually in mind, and 
is of primar) importance to the patient since there is good evidence sug- 
gesting that it is during acti\e rheumatic fever that heart disease develops 
or increases. Fatalities, certainly in the first two or three decades of the 
disease, ocair coincidental with certain clinical findings and pathological 
changes representing the syndrome which we call rheumatic fever. Hence, 
the therapy in rheumatic fever and the immediate disposition or care of 
( 98 ) 
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such piiicjus IS higcJj <lcpcrKfcnl «j>on tfiis cvnhntioii of icti^c rheu 
nntic fcvci 

Ccinni nilierent difficulties present thcmsthes A dngnosis of rheu 
untie fescr is dependent upon i prctious or present clinicil s)ndrome 
or the development of the rhcinmtic t)|)c of heirt diseise "No specific 
dngnostic tests e\ist md to irtinll) denne the discisc syndrome is diffi 
cull if not impossible at the present nine riirihcr the helpful hbontorj 
tests arc distinctl) nonspecific and arc abnoinnl in nnn> diseases other 
than rhcinnatic fever lienee thc> must be considered as helpful onl\ 
in the jirtscncc of other e\ idencc of rlicimi me fev er past or present and 
one must he careful that no other disease or condition exists simul 
taneousl) which ina) be responsible for the abnorm ilit> 

A striking advance in our knowledge of rheumatic fever has come 
with the realisation that the disease is not one of the heart and joints 
alone rxiensive changes tin) be found in varied tissues The gener lined 
distnbmion of the pathological lesions have been reviewed b) Satks»y 
and Swift Tlic) have been more full) described b) Klotr'ts Pappen 
hcimcr and von Claim •<< •i'? b) Paul and others The clinical descrip- 
tion of the more acute phases of rheumatic fever was admirabl) presented 
as carl) as 1880 b) Clieadle More rccentl) Swifi<'“ described the 
chnuril s)ndrome and divided the usual nnnifcstaiions into three i)pes 
I e (i) monoqclic (2) pol)C)cfic and (-j) coniimioiis Perhaps too 
mtieli aticmioii Ins been directed to the disiinciion between the juvenile 
and adult forms of rhciinntic fever \\ liilc it is undoubiedl) true tint the 
short monoc)ehc form of rheumatic fever docs occur more often in adults 
the more chronic or continuous form ma) be observed frequently in older 
patients as well as in children It ma) be safel) said that in an) age group 
the more closely patients with rhcimniic fever are siiuhcd the more 
conscious one becomes of llie chronicit) of the disease 

Rhciimata fever is a repetitive discisc It is not always clear as to 
just when the disease begins Hence U is difficult to determine whether 
one IS dealing with the first attack or a recurrence or recrudescence of the 
disease Me do know however that recurrences of rheumatic fever are 
ver) common during tlic first few years from the onset of the initial dim 
cal recognition of the disease For five or six )ears from the onset it is 
common to liavc the disease recur and most students of the disease are 
impressed with the close association between these manifestations of acute 
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disease and infection of the upper respirator) tract Such infections of 
the respirator) tract (tonsillitis, phar)ngitis, coi^Ta, etc) are commonU 
associated tvith hemol)tic streptococcus infection, either primar) or 
secondary 

Coburn and Cobum and Patilii 2 is Iia\e presented much dan, 
clinical and immunological, concerning the importance of some t)pes of 
hemoI)tic streptococci in the initiation of rheumatic feier Wilson and 
her couorkers"® 7-1 75 hate not been impressed widi this correlation, 
or relationship and are more inclined to consider the relationship as 
being comparable to tlie deleterious effect of respiratory infection on 
patients tvath tuberculosis Jones and Mote 20 hate reported a clinical 
and immunological study tthich stresses tlie seeming impornnce of 
hemolytic streptococcus infection m patients uith rheumatic feter, but 
they hate felt that information at present atailable does not necessarilj 
indicate that such infections are the cause of rheumatic feter, despite the 
secmmgl) close clinical association The present report is, liottever, not 
a discussion of the etiology of rheumatic feter, but one concerned tvuh 
the evaluation of the acute disease process Other considerations rclatite 
to the natural histor) are of importance here 

Bland and JonesS hate noted that tarious eteius are seemingl) 
associated ttiih or apparently precipitate recurrences of rheumatic feter 
Respirator) infections are b) far die commoner etent, but others must 
be kept in mind Operatite procedures of various t)pes (tonsiUectomj, 
laparotom), tooth extraction, and others), injuries and accidents, and 
nonstreptococcal infections have been observed in as close association 
uidi recurrences of rheumatic fc\cr as respirator) infection It is possible 
that emotional crises ma) be of some importance, especially in cliorea 
These authors observed the de\elopment of recurrent rheumatic fever 
following tlie use of single small intravenous doses of typhoid paratyphoid 
vaccine VNhen used as nonspecific shock therapy Esjiecially is rheumatic 
fever likely to become more severe and even fulminant following respira 
tor) infection or the otlier events noted above, if any degree of active 
rheumatic fever vras present at the time of the event 

The interval between these events and tlie evaluation of active rheu 
malic fever must be kept in mind At times symptoms of rheumatic fever 
occur almost immediately, while often tliere may be a latent period of 
lo to 14 days and even three or four weeks Laboratory tests may be 
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abnormal for or three weeks aftei some of these events without indi 
eating that rheumatic fever has become active This is of practical 
importance m the evnluation of the active disease process 

It must be remembered tint in such a clironic disease often chanc 
terized b) repetitive acute illness there must be all degiees of severit) 
In the acute disease evidence of active rheumatic fever is obvious and 
It IS in the more chronic or low grade forms that difficulty is encountered 
Determination of when the disease seems to become quiescent is also 
important Attention will be directed hence chiefly to the clinical and 
laboratory findings which are most commonly useful in evaluating 
clironic low grade rheumatic fevei Laboratory evidence of active rheu 
matic fever often and usually persists long after the clinical symptoms 
have subsided and they are extremely important in the management of 
the patient A few charts from illustrative cases will be included to stiess 
particular points 

I CLINICAL EVIDENCE OF ACTIVE RHEUMATIC FEVER 

1 Fever Many observers consider fever the most frequent evidence 
of active rheumatic infection It is of course usually present m severe 
acute illness Once the acute stage of the disease is over the temperature 
level is usually lower but often j>ersistent So important is this finding 
that all patients suspected of active rheumatic fever should have a care 
fully recorded temperature chart It should also be remembered that the 
influence of antipyTCtic drugs must be considered since such drugs even 
in small amounts may prevent tlie recognition of slight rises m lem 
perature 

Peiststent fever may be of several types By fai tJie cominoner form 
IS for the rectal temperature to have frequent daily peaks between 
37 8® and 38 3° C (100® and 101° F) Occasionally there may be short 
cyclic elevations of temperature occurring at varying intervals and lasting 
several days at each cycle (Fig 1) There is at times a suggestion of such 
a cyclic swing even when the height of the temperaiuie does not exceed 
a high normal level In other instances the temperature may be fiighei 
and more persistent reaching a level of 38 3® to 38 9® C (101® to 102® F ) 
or more and at times almost simulating the temperature curves seen m 
subacute bacierial endocarditis (Fig *») 
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The recording of tlic teiiiptratuic b) icctum has proven to be of far 
more value tlnn b) mouth and m general this method is recommended 
A rectal temperature of 37 8® C (100® F ) is considered the upper limit 
of normal 

Sv\iftC 9 believes that fever is the commonest and most important factor 
in determining the presence of activit) The low -grade nature of the fever 
has been stressed b) St Lawrence.co AfcCulloch.-ti Bourne,^ and others 


• Ml ■ ■•M 







FicinE 1 VV' S male aged culu H C S No 5tC3 Short record of a patient 
with protracted rlieiimaiic fe\er The black blocks indicate penodt of rather cyclic 
increase 111 the sescriev of rheumatic fever Other t>iiiptoms at the time of the qctes 
were prccordial pain and transient mild joint pam There ""as sevae rheumatic heart 
disease and laboratory abnormalities were present during the inierv'als 

It IS rare that fever is the onl> evidence of active rheumatic fever, but us 
presence in the absence of an> cause otlier than rheumatic fever, should 
cause suspicion tint the disease is active It must be remembered that 
active, even severe, rhcumitic fever may be present without fever 

2 . Joints: For some }ears rheumatic fever literature Ins been con 
cerned wUlv the fact that the joints themselves represent a relatively mild 
and unimportant feature of the disease process This was expressed by 
Garrod 23 m 1890, when he wrote If u be once granted that an attack 
of chorea with endocarditis or an eruption of a cutaneous erythema, may 
constitute as truly a ilieuinatic attack as the most severe foims of articular 
lesions, It IS obvious that arthritis must be deposed from the {Kjsition of 
the essential rhcumaiic lesion and must be looked upon merely as the 
most constant and conspicuous of the mamfestaiums of the disease 

In a senes of 1000 rheumatic fever and heart disease patients obscivcd 
by the author, about 70 per cent gave a history of joint symptomatology 
at some stage of their disease In general, scvcie arthralgia Ins not been 
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common, although occasionally the characteristic migratory polyarthiilis 
uith redness, heat, stvclling, and pain is encountered. This is commonest 
m the adult patient, and is not often seen in young children. In a rlieii- 
niatic fe\er subject, the Tinding of definite objectise joint in\ol\eineni 
lea\es little clinical doubt as to ilie presence of active rheumatic fever. 
At limes, theie may be evidence of definite joint change, easily observed 
by examination and x*rays. In such cases, the diftereniial diagnosis 
beiv\ een rheumatic fev ci and rhetnnatoid arthritis is necessary . Xo perma- 



Figure 2 W L., male, aged icn, II C S. No 0111 Protraciwl fcMrr m a paticni 
ujtli H%c‘rc and iiJu'nniel) fatal jhcumanc fc\er The cunc tt somewhat qdic 
Coiigesloe heart failure wis present in %-arymg degrees during most of this 18 
jnonlii period 


nem joint destruction occurs in ilicumanc fever and siicii changes in the 
presence of ihemnatic Sieart disc.ise suggest that the two diseases at times 
occur simultaneously. The association is not encountered often enough 
to be conclusive with regard to the considenuion of common factors in 
etiology. 

The impoitatire of rutJfl joint s)mptoni.atolf>gy cannot he over- 
cstimatcfl, .and the apfie.irantc of suili svmjitoms as snfTness, aches, mild 
pain, etc, must be considered, and would seem of sulficient iinjiorMntc 
to warrant a careful search for other evidence of active rheumatic fever. 
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\Vhetlier their ippeinnce ilone justifies too much considention is Inrd 
to determine but the 'wriiei is impressed uilh the het that such symptoms 
frcquentl) precede recurrences or tint they are a part of a syndrome 
recognized by careful uatclung of temperature chins and blood counts 
The nnpoitancc of giouing pains Ins likeuisc rcccncd uidesjiread itten 
non These pains often occur behind the knees "W hile many individuals 
e\liibiting only growing pains may not be evpected to develop evidence 
of heart damage it is a sufTictcnily frequent finding in the history of 
patients with rheumatic heart disease (and no other history of joint 
complaint) to justify us presence being consuleied as a vsarnmg signal 
and to warrant a definite search for other manifestations of the disease 
which may be easily overlooked It would hardly seem justifiable to carry 
the idea of therapy to the point of bed care for every transient type of 
joint complaint but such symptoms especially m a patient stigmatized 
by evidence of previous rheumatic fever may piove important and should 
not be chsregaided 

3 Subcutaneous Nodules In recent years much attention has been 
directed toward the finding of subcutaneous nodules in rJieiimitic fever 
The majority of individuals exhibiting tins evidence of proliferative 
cliange have severe heart disease and active infection Tlic fact that they 
are likely to occur in individuals with the severe disease process has 
resulted in a feeling that they indicate a grave prognosis Tlie presence 
of nodules during acute illness often justifies tins impression Since a 
large part of the recovery process in rheumatic fever is a proliferative 
one the author docs not feel tint there is justification for considering 
them as always indicative of a jK>or outlook It is very striking that m 
those aises InMug Jow grade acjjve wfectioo and the common fmdwg of 
being undenveiglit and exhibiting nodules improvement usually occurs 
with the disappeaiance of the nodules The appearance of nodules seems 
to vary considerably in different localities This has been stressed by 
variations in percentages of cases m which nodules have been found 
especially in the wa'iiings of Englisli observers It may be justifiable to 
state that unless subcutaneous nodules are veiy large and present in 
goodly numbers it is a simple matter to overlook them on examination 
of the patient Failure of recognition of tlic presence of nodules and 
their evident annual variation in frequency would seem likely as a cause 
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of some of the discrepancies Should nodules be searched for diligently 
their presence may be detected in unsuspected cases 

Subcutaneous nodules are usinlly multiple and may appear in crops 
o\er the bony prominences and sometimes on tendons They are pain 
less nontender aary considerably in both size and consistency and may 
be present from a few days to seaeral months or longer They ha\e been 
consideied to represent the characteristic pathology of rheumatic feaer 
but Dausonis considers them to be histologically very similar to the 
nodules seen m rheumatoid arthritis Recently Massell Jifote and 
Joneses 43 haae demonstrated that nodules may be artifiaally induced 
in rheumatic teier subjects These artificial nodules seem clinically to 
be indistinguishable from and histologically lery similar to spontaneous 
nodules The complete significance of tins finding remains to be 
determined 

Subcutaneous nodules are found m rare instances in the absence of 
oUier manifestations of active rheiimatic fever but even here they should 
be considered definite evidence that the proliferative stage of rheumatic 
fever is m progress 

4 Erythemas The association of various erythemas with rheu 
matic fever has long been recognized The commonest rash is some form 
of erythema multiforme and as a rule is erythema marginatum although 
erythema papulatum is not unknowm The finding is sufficiently frequent 
in those individuals with other manifestations of the disease to warrant a 
careful interpretation as to the probability that the presence of erythemas 
indicates active infection Their frequent occurrence in cases having 
nodules or in whom subcutaneous nodules have recently disappeared 
leads to she belief that erythemas may be associated m some way witJi die 
recovery phase of the disease 

The rash is often transitory in nature and may be easily overlooked 
There is no itching edema or hemorrhage The lesions are pale red or 
bluish red ringlets of various size with a pale center The rash fades as a 
rule in i8 to 24 hours but is likely to appear on successive days It is 
macular and disappears without scaling or pigmentation The lesions are 
most commonly found on the flexor surfaces of the arms and on tlie 
chest Rarely do they appear on tlie legs and never on the face or 
mucosae The lesions are at times symmetrical 
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Lr>ihcnn in irguntiim occurs tunes soon ificr the onset of rheu 
nntic fc\cr IIouc\cr it more tommonl} appears uJicn the disease Ins 
assumed a more chronic stage In the female sve h i\c noted the frequency 
It s\luch the rash may appear a day or ti\o before or during mcnsinntion 
In one jnticnt the rash appeared at the time of each inenstrintion for a 
pciiod of 1 j or f, years This patient had inodcnttly se\erc rheum itic 
heart disease and tlicrc s\as other ctidciicc of active rheumatic fesci 
at the time of each tvaimnaiion The other imnifcstations ssere leuko 
qtosis a rapid sedimentation nic or prolongation of the auriculo 
vtntrictihr conduction time by elcctrocatdiogram At tunes though rare 
erytliema marginatum tiny be the only chiucal symptom of active rheu 
inatic fever The follovniig short ease report illustrates the association 
between tins rash and the other nnnifesiauons of rheumatic fever as 
well as its presence as the only apparent evidence of the active disease 

El H C S No 1002 female ageil 16 readmitted to the House of 
the GeKxl Samaritan february R 1933 Onset of rheumatic fever m 1921 
at age seven and hospuah/cd for one vear at that time Definite cardiac 
enlargement and mural disease at that time Rheumatic fever rcairrcd 
in 1029 1930 and 1931 Mild aortic disease developed during this seem 
tngly continuous period of rheumatic fever In January 1933 she dcvcl 
opcel fever and migrating jwlyarthritis follovsing a sore throat After 
hospital adinissKui there vsas continued evidence of actue rheumauc fever 
Rcpeiiiivc erytliema niargmatuni ocairrcd on successive davs or with only 
a few days interval In addition there were Ircfjucnt noseblcctls rare 
mild transient joint pains and occasional slight rises in lempcnlure 
The white blootl count was at no lime elevated There was however 
a microcytic anemia a fast scsbmcmaiion rate and prolongation of the 
amiailuvcntricular conduction time by clcctrocanliograni Height gam 
was not satisfactory During a period of J2 to 11 inonllis the patient 
improved somevshat but conduciion time remained prolonged and ery 
ihcma marginatvim occurred frequently On July 1 1951 there was a 
sudden rise in tcni|x:rmire to nearly 10^* C (10j“ F) whicli appeared 
clinically to be a heat stroke Sliorily aficr this piilmonars edema 
ocairred and the patient died wiUiin several hours It was of real inter 
esi that for a period of three months or more prior to death erythema 
marginatum v\as the only symptom of active rheumatic fever, and the 
only laboratory abnormality was the prolonged conduction time by elec 
tro( irdiograni \iiio[)sy revealed extensive myonrtlnl fibrosis m<l there 
v\crc numerous Aschoff bodies present A good manv of iliese Asclioff 
bodies were old while others were apparently of a young age 
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5. Precordial Pain; The presence of sharp, iransicnt, precordial 
pain has been noted b) numcious observers, and at times it is an earl) 
symptom of a rlienmatic recrudescence. Such a s}niptom must be circ- 
fully evaluated, in view of the frequency of well-defined effort sjnclromc 
in patients v\itli rheumatic heart disease. In children, prccordial pain is 
more significant than in adults, and less often is there confusion contern 
mg its interpretation TJie transient he.irt consciousness accompanjmg 
extra s)stoles and found frequently in nervous individuals should not be 
confused with significant precordial pain. 

Severe, prolonged pain, suggestive of that found in coronary disease, 
may be observed in rheumatic fever and rheumatic heart disease subjects, 
though mercifully it is an unusual occiinrence. It may be so severe as to 
necessitate ratlier drastic measures for relief. The report of Bland and 
Whitcf* of the relief of such pain by the paravertebral injection of alcohol 
is interesting. Sucii severe pain as that desciified b) these auifiors is of 
serious prognostic import. The cliangcs found in coronary vessels in 
rheumatic fever and reported by various observers (KarsnerandBa)ltss, n 
Gross. Kugel and Epstein,25 and otliers) offer an explanatory anatomua! 
basis for the pain. Tfic meclianism of sucfi severe prccordial pm is 
doubtless different from tlie cause of anginnid pain seen in older rlicu 
matic heart disease subjects with free aortic legurgitation. 

Perhaps ilie most common cause of significant [irecordial pain m iheu 
matic fever is due to pericarditis. At times, pJcuriiis ma> be a factor. 
Friction mbs are often heaid, and, as a ivdc, the patient is obviousl) ill 
with rheumatic fever The frequency with which pericarditis and 
pleurilis arc found post mortem in rheumatic fever subjects indicates 
that sue)} a basis for pain must be very frequent in llic course of the 
disease. 

6. Chorea: The association between Sydenbam's chorea and rheu- 
matic fever is a nine-honored one. Witli the omission of habit spasm and 
purposeless movcmcnis of cvidenl neurogenic origin, it has been con 
sidcrcd safe to consider cliorciform movement as a pait of the rheumaiit 
fever S)ndromc. Cooml>s,i~ Poynion and Schlesinger.Bi rindla),2o and 
others have expressed this ojiinion. TIic dicta of Oslcr^S concerning the 
im|>ortance of chorea in the development of rheumatic hean disease is 
well known. In more recent yc.ars, SwIftOS has stated that “choica is one 
of the grave manifestations in childliowl.” 
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Gerstley, Wile, Falstein, and Gaylesa ha\e concluded that chorea 
is not a disease, but a symptom, more frequently of psjchic trauma than 
of rheumatism. It is, of course, evident that all purposeless movements 
arc not true Sjdcnham's chorea, and that some diversity of opinion exists. 
In some instances it is difllcult to make a definite diagnosis. Since the 
etiolog)’ of rheumatic fe\ei remains tinknoum, it is not surprising that 
much confusion exists svitli regard to the relationship between it and 
chorea. Further, there is no absolutely certain diagnostic test available, 
and the diagnosis of rheumatic fever is often dilficult. Hence, reliance 
must be placed upon tlic close clinical association between rheumatic 
fever and chorea in determining a relationship. 

Ash and Einhorni have recently stated that the association is so close 
that it IS safer to consider any child with chorea as potentially a patient 
witJi rheumatic infection. In this respect it may be well to quote the 
series of Jones and Bland, 28 svho analyzed chorea as a single manifesta- 
tion of rheumatic fever in an effort to evaluate us significance as a part 
of the rheumatic fever s)ndrome. A group of looo rheumatic fever and 
chorea patients vi,cre observed over an average period of eight years. Of 
these patients, .jSa at some time had chorea; 28 per cent had chorea alone, 
and 72 per cent also had other symptoms of rheumatic fever. Of 134 
patients having no other manifestation of rheumatic fever, the Incidence 
of Theumatic heart disease was only three per cent. Of 184 patients who 
exhibited other evidence of rbcimiatic fever subsequent to chorea, rheu- 
matic heart disease was found in 80 per cent. Of iCj subjects who had 
chorea subsequent to rheumatic fever, rheumatic heart disease was found 
in GO per cent The number of attacks of chorea did not appear to 
influence significantly the development of rheumatic heart disease. The 
above data, togetfier witfi tfie low inortahty rate in uncomplicated chorea, 
and the rarity of severe manifestations of rheumatic fever in chorea 
patients, led these authors to conclude that "chorea is considered to be 
a mild manifestation of rheumatic fever and one in itself not especially 
conducive to the development of rheumatic heart disease” Sutton and 
DodgeOC have recently agreed in general with the above findings. 

The work of Jones and Blandss does not warrant die separation of 
true Sydenham’s chorea from a close relationship with rheumatic fever. 
It does, however, indicate that chorea is one of the less significant and 
better prognostic findings in the course of rheumatic fever. Choreiform 
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mo\eincni m the absence of other clinical or laboraior) imnifestauons 
of rheiumtic fe\er should not cause great alarm unless ihe diorciform 
movement is violent and cxhatisiue 

7 Pulse Rate The evaluation of the pulse rate in the determina 
tion of the presence of an active disease process is often difficult ^\hen 
ever fever is present elevation of the pulse rate usuall) parallels the fever 
as in other infectious disease The persistence of a rapid pulse in child 
or adult should be considered suspicions and investigated There arc so 
many factors controlling the pulse rate th it some skepticism should be 
entertained with regard to the interpretation of a rapid pulse m the 
absence of other evidence of active rheumatic fever The sleeping pulse 
rate has recently received attention and would seem to be more valuable 
than the rate when awake Struthers and Bacal C4 ind more recently 
Rosenhltim have noted this A quickening of both sleeping and alert 
(awake) rates would he consistent with active rheumatic fever while a 
drop of 10 to 20 beats per imnme during sleep probably indicates that 
the rapid alert rate is of nervous origin 

Persistent signifjcim tachycardia may be enconnicred but rarely as 
the most sinking feature of the patient s illness It is probable that other 
manifestations of active rheumatic fever arc more imjioriant than the 
pulse rate Tins docs not of course include various arrhyiliimas whicJi 
of themselves aic defimtely important not necessarily as evidence of 
infection but as a frequent concomitant of rhcuniaiic heart disease 

8 Epistaxis That frequent nosebleeds stem to have i definite 
association with rheumatic fever csiiccially relatively low grade processes 
has been stressed by Libman and by Levine Andrcn and Homans 34 
UhiJe the piesence of noniniumatic epistaxis alone would h irdly be con 
sidercd as a very important nnmfesiaiion of rheumatic fever it has been 
pointed out by Cobunili m a large sciies of casts tint it has preceded a 
recrudescence more frequeiiily tlian Jns any other sympjom and has been 
a common accompaniment of the ictivc rheumatic process This v ould 
seem in keeping wiili the opinion of many men v\ho ire observing large 
nimibeis of iheimntic fever jxiticnts While cpisiaxis itself <locs not 
render a definite diagnosis of rheuiinlit fever possible it must ueverthe 
less be seriously considered as evidence of activity m a patient with 
definite rheumatic heart disease or a history of previous rheumatic fever 
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sjcJerably uiidenveigbt patients ivith rheumatic fetersiibseqnentlj deielop 
nodules and erjthemas is striking (Fig 3) In this t>pe oE case an 
appreciable gain m i\ eight ina> not occur until the disease process sub 
sides, ■which is often comadent rvith disappearance of nodules and 



Fictoe 4 R a female aged 15 H C S No 53"8 First rhcuraaiic fescr at age 
\cn Third scsere recurrence of ihciiinaiic le\er began eight months prior to tie 
ccU\ weight dnri alxne The rapid weight gam closely pTralldeU the subsidence 
t dmical and laboratoi) evidences of aense rhcumauc festr Rheumatic feser con 
V* to lie maciise just prior to tomiUectomy Note the post tonsillectomy sstight 
loss n hidi IS customan m this group of patients 

t-^themas The importance of rseight as a guide to recoaer> is apparent 
itv obsening a few cases of this i)pe In patients receismg long bed 
are, failure to tpm weight is usually found to be dependent ujion the 
esence of acti\ e disease It is generallj found that slow , gradual increase 
o weight IS consistent with oilier evidence of diminution of actisii) of 
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sidcrabl) undenvcight p'ltlenls^\llll rheunntic fe\er siibsequentl) de\elop 
nodules and cnthcnns is striking (Fig 3) In this type of case m 
ippiecnble gam in nciglu iniy not occur until the disease process sub 
sides, uhich is often coincident iiiili disappearance of nodules and 



rjciTRE 4 R a fcmile aged 15 H C S No 5578 First Thciimaiic fescr at age 
scNcn n ird severe recunenre ol Fliciimalic fever licgnn eight months prior to the 
iveelJ) Height cJnri ohovr The rapid wejghl gain doselj’ paralleled the subsidence 
oC clinical and labonttrv cvulciiccs of active tlicuinatic fever Rheumat c ftver con 
sidercd to be inactive just pr or to tonsillectomy Note the post tonsiUectoniy weight 
loss which IS customary in ih s git up of paUenW 


erythemas The importance of weight as a guide to recoiery is apparent 
after observing a feu cases of this type In patients iccening long bed 
care, failure to gam iveighi is usiially found to be dependent upon the 
pi esence of acme disease It is gtneially found tint slow gradual inciease 
tn Height IS coni’istent mth otlier eudence of diminution of actiiity of 
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siderablj undeni eight jjaiients witli rheumatic fever subsequently develop 
nodules and erythenns is stnlving (Fig 5 ) In this type of case an 
npprctnble gain in viciglit may not occur until the disease process sub 
sides which is often coincident with disappearance of nodules and 



riruKE 4 R a temnle aged 15 II C S No 5375 Finl ilieumaiic fe^cr at ige 
seven Third severe recurrence of iliciitnatic fever began eight months prior to the 
V cckly weight chirt alxve The rapid v eight gam tlosdy paralleled the subsidence 
of clinical and Ial>orator) cv lenecs of active rheumai c fever Rlieumatic fever con 
sidcred to be imctive just prior to tonsillecU my Note the p(»t tonviUcciomy v eight 
loss vvhicli IS cusiomarv in this group of pauents 

erythemas The impoitantc of weight as a guide to recovery is apparent 
after observing a few cases of this type In patients receiving long bed 
caie, failure to gain weight is usually found to be dependent upon the 
piesence of active disease It is generally found tliat slow,giadual inciease 
m weight is consistent with other evidence of diminution of activity of 
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the disense process (Fig 4 ) In in indindinl s\ho is definitely over 
eight only ineigcr infomntion on be obmned concerning the dis 
CISC process and habmnl weight and constitutional factors must be 
considered 

10 Pneumonitis Clnnges in puhnotniy vessels hi\c been described 
frequently ind tlieir presence is one reason for belies ing the disease 
to be 1 gencnhzcd one In addition to this there may be recog 
nized during life certain lung changes occiining during active infection 
and witliout cougestne heart failure Naish-i^ has considered these 
dianges in the piienchyrni of tlie lung as being of a specific rheumatic 
character although this has not been accepted by all observers Clinically 
pneumoiuiis may occur as has been |>oiiued out by RabinouiizSS Boas 
and Schwartz 7 Paul -ts Swift C” and Coburn u As a rule this would 
seem to be a quickly varying or migratory process of short duration and 
It may occur even vsithout sympioinatology It has never been recognized 
by the author except in scscic illness and us presence in the literature 
has been noted usually m those individuals v^ho arc acutely ill and with 
other manifestations of rheumatic fever TJic hemorrhagic nature of the 
process Ins been generally a^^recd upon m pathological studies 

11 Abdominal Pam TJic cause of abdominal jiam in rheumatic 
fever cannot as yet be definitely determined It is of frequent occurrence 
and next to ejustaxis was found by Cobtimti to be the most frequent 
presenting symptom of the disease complex In a number of cases the 
diagnosis of appendicitis has been made and a normal appendix removed 
m a few of them only to be followed in a short period by other mam 
festations of rheumatic fever In an individual with definite stigmata or 
a history of previous rheumatic fever it would be wise to rule out the 
association of the pain as a part of rheumatic fevei It would not be 
desirable to infer that patients vvJio Iiave rheumatic fever may not have 
othei causes of abdominal pain and tlic usual causes of abdominal pam 
should not be overlooked in a decision as to the cause of the difficulty 

12 Exercise Tolerance Easy fatigability and weakness are common 
complaints of individuals with heart disease of any type Their presence 
in individuals with rheumatic heart disease is frequent They may occur 
as syanptoms eaily in an active disease proi^ss but their interpretation 
is difficult and there would be hesitation in considering these symptoms 



EVALUATION OF ACTIVE INFECTION 113 

alone as sufficient evidence of acuve disease Definite decrease in pul 
monar) ventilation as measured by means of a spirometer has been 
reported by IViIson ^2 tVhen there is a reliable and repeated measure 
ment of vital capicit), and this has been checked with exercise tests, '\ViI 
son feels that even i slight decrease is important and indicative of active 
rheumatic fever or the beginning of a process often resulting in cardiac 
failure Tlie author has iiad no experience with this test 

Definite decrease in exercise tolerance m >oung patients with rlieti 
inatic heart disease is found during rheumatic fever and is often a pre 
cursor of serious congestive failure 

13 Congestive Failure The presence of congestive failure in a 
joung patient vsith rheumatic heart disease is m itself definite evidence 
of active rheumatic fever It is difficult to determine the exact age limit 
m this regard RoihscliiM kugel and Grossss hav e presented pathological 
evidence of the importance of active rheumatic fever rather than median 
ical defects in precipitating fatal issues These observers feel Uiat patients 
with rheumatic heart disease d)ing before 40 )ears of age or perhaps 
older, die of the underl)ing rheumatic infection In the authors expcri 
ence, tins would certainl) be true of those patients d>ing under 30 )ears 
of age It IS hkel> tint exliausiivc search of post mortem material from 
older rheumatic heart disease patients would often present evidence of 
active rheumatic fever as well as iJie extensive old lesions The majont> 
of the fatalities m the )oung subjects occur within five or six ^ears from 
the onset of the disease and b) adolescence In tins group active rlieu 
matic fever is unquestionabl) present 

Hence, congestive failure is not onl) a senous prognostic factor but 
ma) be regarded as evidence of active rheumatic fever This is found to 
be true regardless of a normal temperature, white blood count or sedi 
mentation rate of red blood cells 

14 Other Manifestations’ Numerous other signs and sjinptotns 
have been suggested as being part of tlie syndrome of rheumatic fever 
Of these, vomiting pallor, headache, urticaria, iritis, and torticollis ma) 
be mentioned While their presence ma) be suggestive it is hardly jxis 
sible to consider these as being sufficient to indicate acme infection, 
when no other manifestations are present or develop Changes in the 
heart upon ph)sical examination as to size, murmurs, etc , are interesting 
findings and, while the) ma) indicate an increase in chnicall) detectable 
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hem damage tlieir presence alone cannot be considered os denoting 
active disease These findings and changes are the result oE the acme 
infection rather than in themselves a manifestation 

II LABORATORY EVIDENCE OF ACTIVE RHEUMATIC FEVER 
1 Blood Changes Tor man) vears it lias been recognized tint there 
IS definite leukoqtosis almost invariablj nccompnnvmg rheumatic fever 
Its imporuince has been stressed and some have considered it as the most 
accurate criteria for the determination of the duration of the active dis 
ease process It is undoubted!} of considerable imporLance but manv 
factors must be controlled and considered Some of the difRcultics and 
variations m the white blood count have been noted b} Garrc) and 
Br)an Ponder Saslovv and Schweizerso Medlar -i- Sabin Cunning 
ham Doan and Kindwall Smith and McDouell C” and Shaw <*1 It has 
been found m rheumatic fev er patients jnst as in normal subjects that the 
highest peak of the duirinl variation m white blood cells is between noon 
and 3 00 p vt Tliesc variations at different hours of the da) ma) be as 
great as too per cent and whctlier they are greater than those seen in 
normal indivaduals is as )et unknown nor has it as )et been determined 
whether the) are due to a redistribution of white blood cells or to an 
increased output of cells from the blood forming organs Counts should 
be made frequentl) and performed at a definite fixed tune in subsequent 
examinations This would tend to do avva) with an otherwise consul 
crable error in interpretation of results 

It has been shown b) Swift Miller and Boots'O that elevation of the 
white blood count is usuall) found just prior lo a definite recrudescence 
A white blood count above gooo or loooo is considered evidence of 
active disease unless its cause is associated with some other i)pe of infec 
tion Tliere is a strong lendenc) on the part of at least the juvenile forms 
of rheumatic fever to show a persistentl) elevated white count usuall) 
coincident with mild occasional elevation of temperature for a consul 
erablc period of time and the frequcnc) of this combination leads to the 
belief tint the) are important as a guide to tlicrap) 

It has been known for some )ears that in blood prevented from coagu 
hiin„ ibc red bUxid cells form a sediment more rnjiicll) under certain 
pathological conditions than is the case in health) persons Tins properl) 
of the blood Ins been studied in numerous conditions such as acute and 
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Lhronic infections infiammator) piocesses of various t)pes nnhgmnt 
tumors etc It presents no specific diagnostic information but mi) be i 
definite guide in determining the presence of a disease process or its dis 
appearance It has been shotvn especially in Germany and Scandini\n 
that the sedimentation rate is increased definitely m rheumatic feier and 
the result of frequent estimations of this reaction is used as a guide to 
treatment in some foreign hospitals 

The majority of workers familiar with the sedimentation late in 
rheumatic fever has been distinctly impressed with the value and sig 
nificance of the test Among these may be listed '^\ estergren 1 1 Kahl 
nietei 30 Herrmann 2 C Enistene lo Bach BacJi and HilJ 3 Payne and 
Schlesinger ■to Struthers and Bacal C4 Rogatz *»3 Coburn and Kapp i** 
and others The test is of distinct value but one must be certain that an 
increase in the sedimentation rate is not caused by factors other than 
rheumatic infection In the author s experience the most reliable method 
IS tint of Rourke and Ernstene®^ Uuh this method the hematocrit is 
determined and a correction made for anemia This has proved to be of 
distinct value in rheumatic fever Recently Massell and Jones3 have 
compared tlie relntiv e v alue of the sedimentation me and leukocy te count 
m evaluating the presence of active rheumaiic fever \\ lute blood counts 
were performed at frequent intervals and sedimentation rates determined 
by the method of Rourke and Enistene 5T In about one half of the 
patients followed the leukocyte count returned to normal first while in 
the remainder die sedimentation rate was the first test to reach a normal 
level In view of the technical error tn performing leukocyte counts and 
the tremendous daily variations (he sedimentation rale is consideied to 
be the more reliable test if only one is to be performed How ev er abnor 
malities of either test ire considered lo indiGite active rheumatic fever 
and may be found to remain abnormal for many mouths They are 
valuable guides to therapy Following a respiratory infection the sedi 
mentation rate may remain elevated for two to three weeks In a rheu 
matic subject such an interval should elapse prior to using this test in 
evaluating the activity of the rheumatic fever process 

Rotntz’'3 and Struthers and BacaR** have considered the sedmicnta 
non rate of more value in regard to the activity of rheumatic fevei tlian 
the Schilling count 

10 
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Quite similar to the increased sedimentation rate of red blowl cells 
is tlie increase in the fibrin content of the blood. Tins determtii.ition also 
gi\es no specific information, but is a general reaction in cermtn disease 
states. Bezan 9 on and AVciH consider it of definite value in the study of 
the progress of the disease process in rheumatic fc\cr. 

A definite increase in immature forms in the injelocj tic series is found 
early in the course of acute rheumatic fever. Tliis inci ease, as determined 
by the Schilling count, may e\en precede clinical evidence of recurrent 
rheumatic fever. It does not, however, persist so long as the increase in 
the sedimentation rate, and hence is not so valuable in determining the 
presence of active rheumatic fe\cr. 

Mild to moderate anemia does occur in rheumatic fever. Hubbard 
and McKeeS” reported such a study. Early in the disease there is a fall 
in the r«l blood count and a rather disproportionate drop in hemoglobin. 
Tiie hematocrit also falls. All of these features may remain persistent for 
long periods, ictuming to normal with the cessation of actise rheumatic 
feser. This is especially true in the child with sc\erc chronic rheumatic 
fever. 

In addition, the occasional octurreuce in rheumatic feser cases of 
petechlae and purpura, ivithout the usual aliemtions in the blood found 
in purpuric conditions, must not be overlooked. Petcchiae are most apt 
to occur along sites subject to trauma Other evidences of rheumatic fever 
are usually present. ‘While neither of these is a rommon finding, the> 
would seem to indicate definite iNcakness of the minute peripheral vessels, 
which is not unexpected in rheiunatic fc'cr, and which probably indicates 
that the disease is active. 

2. Electrocardiographic Changes: Numerous observeis have 
recorded the importance of clcctrocirdiographic changes as a manifesta- 
tion of active infection in rheumatic fever. Cohn and Sv\ifiic have 
rcporied clianges in a very high percentage of acutel> ill patients. In 
addition, the vsork of Rothschild, S.ncks and Libimu.t.C and of Levy and 
Tumeric is well known. The usual change considered b> the in.ijoriiy 
of investigators as indicative of active difficult) is prolongation of the 
auriculoventricular conduction time. Tlie usual finding is simply pro- 
longed conduction time (above 02 second), aliliough there arc reports 
in the literature of even complete auriculoventricular block. It is 
thoroughly possible that in children a P-R interval of o.tS second or less 
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should be considered significant In addition to this reports concerning 
changes in the Q R S complexes variation in interval between tlie R and 
T roves and changes (usually inversion) in the T v\ are itself have been 
noted These changes have recently been pointed out by Master and 
JaffeSO The cause of these changes is argumentative Suffice it to say 
that as a guide m deierinmation of the presence of active infection 
frequent electrocardiograms are of definite value and the occasional 
finding of a temporary prolongation of the aunculoventncular conduc 
tion time as the only evidence of active infection would warrant the 
justification for this procedure While prolongation of conduction time 
IS often a transient phenomenon it has been found at times to be present 
ror several months oi one to two years although permanent changes m 
the conduction time as a result of rlietimaiic fever have not been recog 
nized by the author 

The interpretation of this prolongation of the aunculoventncular 
conduction time is difficult If the result of actual changes in the heart 
It w ould be one of the most posiuve indications of activ e carditis Bruenn^ 
and K.eiUi32 liave recently discussed tlie meclianism of such conduction 
defects and indicate that diey may be dependent upon supracardiac 
influences The probability of over stimulation of the vagus nerve as the 
likely mechanism of tins abnormality does not alter the clinical impor 
tance of the finding in panenis with rheumatic fever or rheumatic heart 
disease 

3 Unnary Changes The occasional presence of urinary findings 
indicative of acute nephritis is vvcil known during the acute illness of 
rheumatic fever The finding of hematiina is also occasionally associated 
witli the acute illness Cobumii in his excellent monograph seems to lay 
great stress upon the picture of acute nephritis in the disease as well as 
the occurrence of hematuria and seems to deem it sufficiently important 
to place hematuria as one of the classical signs of active rheumatic infec 
tion While those individuals with mild low-grade active infection do 
not often show a diminution in kidney function microscopic red blood 
cells are nevertheless found if frequent unnary examinations are made 
This would appear comparable to the finding of petechiae and nosebleeds 
during die active disease process Swjft^*" has pointed out die frequenq 
of die relationship between the onset of hematuria cylindruna and 



118 


CARDIOVASCULAR DISEASE 


pol>anhntis being dose enough to mahe the ph>sician feel that there js a 
common cause 

StettnerGS describes uhat he is pleased to call heightened cajnlhry 
tulnerabihty m 33 of 50 rheumauc cluldren manifest by persistent 
microscopic hematuria A'ciHC has stressed the fact tint an attack of 
nephritis is frequently the equivalent to a bout of polyartliritis tluring 
the course of rheumatic feter Tlie large ^olume of literature concern 
mg the association betiseen nephritis and streptococcal infection asould 
also indicate that there could \ery likely be a relationship betueen 
nephritis and rheumatic fever 

The report by Goldnng and A\yckolT 24 giving kidney studies of 
iG patients with rheumatic fever is highly suggestive of the frequency 
of mild kidney dianges during acute rheumauc fever An increase in the 
excretion of protein and formed elements (Addis sediment count) was 
found persisting for four to ten weeks after the subsidence of the acute 
symptoms These observers suggest that then findings are consistent with 
a diagnosis of focal glomerulonephritis 

AATiile evident kidney changes during acute illness may be interpreted 
as a part of the disease syndrome the msi^^nificant findings later in the 
disease have not been considered of sufiicient import Persistent or fre 
qiient abnormalities (such as microscopic hematuria) in an individual 
with rheumatic heart disease or with a history of previous rheumatic 
fever are worthy of being classified as a manifestation of the active dis 
ease state 

SUBCLINICAL RECURRENCES OF RHEUMATIC FEVER 

As pointed out in the introduction recurrences of rheumatic fever 
may be of any degree of severity One important reason for evaluating 
the presence or absence of active infection during periods of apparent 
quiescence is that active rheumatic fever may be asymptomatic and licart 
disease may result during periods when laboratory tests alone indicate 
active infection Especially should the patient be carefully obsened foi a 
few weeks following events previously notetl is being commonly associ 
ated with the onset of iCLiiircm.es of ilieuinatic fever rigurcs r, and 0 arc 
examples of such clinical rcLurrences No clinical symptoms of rheum Uic 
fever occurred but abnormal laboratory findings were observed and 
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Ficltu: STD male aged s«cn H C S No C2C5 Fini rheumatic fe>er 
n\o and one-half >ean prior lo clinical chirt alwie Reaiirent rhcttmatic fe«er six 
months prior to chart and had congwtne failure at onset for a fet*- tveeks No clinical 
respirators infection during the mtenal not«l Note the abnormal conected sedimenia 
uon rate fOJa mm per minute normal) for five to six sveeks There was also a swing to 
the left of the Schilling index No alteration of the white blootl count and no cliange in 
the clmiral symptoms Considered to represent a subdiiiical increase m the scierit) of 
lUeiimaiic ferer 
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remained abnormal for a period longer than that usuallj obsened as a 
result of colds, sore throats, or opemtne procedures Such episodes arc 
doubtless common in the course of rheumatic [e\cr, and must be con 
stantl) kept in mind in obsening the progress of the disease 



Rheumatic fetcr considered inactite for past n»o to three months No clinial 
esidence of repmtory infection but bemolyuc streptococci appeared in Uiroat culture 
for first tune just prior (o fim abnormal corrected sedimentation rate This s«is 
coinadeatal svith a respiratory infection epidemic on the sv-arcL No dinial symptoms 
deseiopod No fercr Considered to be » subdimal refurre/irc of rhrumauc fever 
Note me rather ejdic nature of the corrected sedimentation rate 
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CHAPTER VI 


BACTERIAL ENDOCARDITIS 

By WiLUAM Dock, M D 

Of the patients t\ho grow up with congenital heart defects, or with 
vaUes scarred by rheumatic fever, nearly one out of four will die of 
bacterial endocarditis Under this term are included a variety of clinical 
manifestations and nearly a score of etiological entities vvliicli have ns a 
common fenturc thrombotic vegetations and ulcerations of the endo 
cardium and valves of the heart In addition to the various clinical types 
there are many lesions demonstrable ni autopsy which were of no clinical 
importance, for the bnctennl invasion of the heart was merel> a tenninnl 
event, eitliei an ncuie endocarditis complicating overwhelming sepsis and 
pyemia, or a subneute lesion developing in the fiinl phase of a wasting 
disease such as cancel, uremia or tuberculosis Cases m which the endo 
cardial lesions determine the clinical manifestations are grouped into 
acute or subacute forms the formei causing a severe febrile illness meas 
ured only in days or a few vveeks, the latter smouldering on foi months 
and perhaps afebrile for much of the time These subdivisions are arbi 
trary and the couise of subacute cases is often cut sliort by embolic 
accidents 

Histoncaf Noter The history of cncfocardial vegetations goes hack 
to the days of the early anatomists, when even postmortem clots were 
thought of as interesting polyps The relation of rheumatic fever to 
endocardial damage was clear to English and Fiench clinician dissectors 
by the dawai of the nineteenth century, and bacterial endocarditis was 
recognized m the first years of the era of bacteriology By iqoq all of the 
commoner forms and their complications were well known to pathologists 
and internists, although, as with infarct of the uiyocaidiuni, tfie diagnosis 
was not often made in clinical ciicles, especially iii the iiiildei and sub 
acute foims SchoiimuIUi and Libman were largely responsible for 

( 123 ) 



124 


CARDIOVASCULAR DISEASE 


emphasizing and making clear the nature of subacute bacterial endo 
carditis and Lohlein and Baehr for recognizing the high incidence and 
specific character of the accompanying glomerular nephritis Libman also 
has brought to light cases of febrile subacute endocarditis tvhich are 
bacteria free throughout their course While the study of therapy has 
been continual!) and energetically pursued both in the clinic and in the 
experimental animal it has not yet produced a satisfactory management 
for a disease uliich now is correctly recognized in more than 85 per cent 
of our hospital cases by the student clinical clerk who first takes the his 
tory and examines the patient 

ETIOLOGY 

About •>0 sarieties of microbes hate been isolated from lesions of the 
endocardium Streptococci of many types predominate other cocci of all 
sorts are not infrequent while the bacilli range from tubercle and 
influenza to diphtheroids tirulent diphtheria organisms the etiologic 
agents of typhoid and uudiilant feters of Fnedlander pneumonia and 
the Bacillus pyoc^aucous With most of the latter types of organisms 
implantation on the heart vahes or the endocardium of the nails is 
merely an unusual complication of the illness usually caused by the 
specific bacterium A case of pneumonia is complicated by or folloued 
by pneumococcus endocarditis or a gonorrheal urethritis is followed by 
gonococcal lesions on the heart \alves and the new disease tlius estab 
lished osershadous that from nhich it developed In a fen cases due to 
nearly all these organisms and in most of tliose due to the nonhemolyuc 
streptococci no febiile illness precedes the manifestations of bacterial 
endocarditis i\hich seems to strike out of the blue 

The infections nith gonococcus and meningococcus rarely run a slow 
subacute course those due to nonhemolytic streptococci and the influenza 
bacillus only occasionally are acute but it is incorrect to consider subacute 
or slow endocarditis as synonymous with streptococcus viridans endocardi 
tis The sharp lines drawn on the basis of etiology cut across the vague 
and arbitrary borders of acute or subacute types of disease Various types 
of the streptococcus \iridans (that is aerobic streptococci which cause 
minimal hemolysis but some change m color of hemoglobin alpha type 
streptococcus) dominate the bacteriology of this disease because they 
occur in about tuo thirds of the clinical cases and because they are present 
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m most cases m ever) blood culture nken over many months Per week 
of clinical endocarditis the nonhemolytic streptococcus is probably ten 
times as frequent as any other organism or even all others together 
Occasionally nonhemolytic (gamma type) streptococci which cause no 
discoloration of hemoglobin and may be anaerobes are the infecting 
agent These are considered as enterogenous infections since these 
oigamsras are normally present in the bowel 

Acute lesions due to the pyogenic cocci kill less than three per cent of 
patients whose hearts or great vessels arc the seat of congenital or rheu 
matic disease On the other hand such lesions cause the dominant clinical 
features of the final illness of o** to 04 |>er cent of patients coming to 
autopsy without congenital or rheumatic heart disease and in such cases 
the right side of the heart is not infrequently involved Thus acute bac 
lenal endocarditis is clinically most ofien seen in patients who have had 
no previous heart disease it is favored by fibroiic lesions but virulent 
oiganisms are by no means dependent on such chronic disorders for the 
opportunity to invade the heart 

Quite different is the situation with regard to the subacute cases most 
of which involve the left side of the heart and are due to nonhemolytic 
streptococci About one third of the cases of congenital heart disease 
surviving into cliildhood 1 and one fiftli of the cases of chronic rheumatic 
lalndar diseise die of this complication bui m patients mthoin chronic 
or congenital lesions subacute endocarditis due to mild streptococci is 
less frequent than acute endocarditis Chronic lesions on which tlie sub 
acute bacterial disease is engrafted are grossly demonstrable in four out 
of five cases and careful histologic study proves that fused aortic cusps or 
unimposing rheumatic scars are present in most ot the others Thus in 
subacute lesions the soil is the most important consideration etiologically 
and the organisms whicli flourish in this altered tissue are the streptococci 
which are commonly present m the mouth and gut They probably enter 
the blood stream of normal people in shov\ers associated with such 
frequent incidents as colds acute gastroenteritis tooth extractions tonsil 
lectomies 2 pelvic infections in boUi sexes and even v\ith no clinical 
syanptoms of any sort In acute endocarditis the virulence of the organ 
isms and the effects of their toxins m injuring the endocardium arc more 
important than the soil which may or may not have been prepared by 
previous disease 
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While infected emboli lodging in the lessels ivhich are present in 
sc4irred lalves or beneath the endocardium are a potential cause for these 
lesions It seems certain that the \ahular lesions at least are due to lodge 
ment of bacteria in tlie rainuie platelet thrombi ivhich occur along tlie 
lines of closure of the vahes or at places where defects cause unusual 
stream oi soft tissue friction Such bland thrombi are most frequently 
found on \aKes altered by sclerotic or fibrotic lesions and where there 
aie such congenital defects as fused aortic cusps patent inters entncular 
septa or a ductus arteriosus Similar \egetations may occur m arterio 
\enons fistulae These bland thrombi are more likely to form avhen the 
endocardium is injured by nutritional defects toxemia or wasting dis 
ease Such thrombi are usually only of microscopic dimensions but they 
may form fine aegetations and such small sterile warty lesions are far 
more common in wasting diseases than terminal subacute bacterial 
endocarditis The sites adhere these sterile and minute thrombi form arc 
also the favored sites for bacterial endocarditis 

Once the latter disease is established the blood stream constantly con 
tains organisms and small thrombi and if \ahes were normally aais 
cnlanzed intravalaular emboli would soon set up progressive lesions of 
all four lalves As a matter of fact the disease is usually found on all 
scaiTed valves m the old rheumatic cases and only on one if the others 
ai e free of fibronc change Kissing lesions at points where tv\o leaHeis 
touch and spicad along lines of closure are common findings but evi 
dence for embolic invasion of valves is absent even when embolic lesions 
are numerous in skin viscera the brain and as mycotic aneurysms m the 
v\alls of arteries '^V’hlle the lesions are occasionally confined to the walls 
of the heart (parietal as conlrastetl with valvular endocarditis) it is 
remarkable that the large muraf thrombi which follow myocardial infarcts 
rarely become infected Cases in which syphilitic lesions have prepared 
the soil for bacterial endocarditis are also uncommon 5 In elderly patients 
ulceiated sclerotic lesions occasionally become the seat of bacterial endo 
cai ditis but many of the cases are not clinically significant being terminal 
infections of patients severely ill from other causes 

In dogs It is easy to set np bactenal endocarditis on valves which have 
been cut or scratched the disease then may develop spoiiLaneously 
and can be produced not only by parenteral injection of streptococci but 
even by massive feeding of cultures The oigamsms given can be identi 
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fied with those cultivated fiom die experimentally produced lesions. It 
is, therefore, rather remarkable that in acute rheumatic carditis, with fine 
bland thrombi on the valves, bacterial endocarditis developes so rarely. 
TThe soil appears to be ideal, but the immunological situation may be the 
important inhibiting influence. For with active rheumatic states the 
patient’s sensithity to streptococci is evidenced by die skin reactions 
whidi tliese organisms evoke. The patient widi bacterial endocarditis 
of the common type has negalir'e skin tests, and there is some evidence 
that desensitization precedes inlection.'t Widi sensidtit}' to the organisms 
die rheumatic patient may also hate incieased resistance to blood stieam 
inxasion or to successful colonization of the heart lesions. 

PATHOLOGY 

In the heart bacterial endocarditis causes ulceration, which is most 
striking in the acute cases, and the formation of thrombotic vegetations. 
When the infection is of low virulence the vegetauons may be relaiivel) 
small, firm and organized into fibrous tissue except at the outer sin face. 
\Vith staphylococcus infections, and less strikingly with other sirnlent 
organisms, the vegetations may be bulky and friable, composed of red 
cells, leukocytes, thrombocytes and coagulated protein, and contain 
masses of bacteria. The ulcerations may cause rupture of leaflets and 
tendinous cords, thus disnipting cardiac function and precipitating con- 
gestive failure. Penetrating ulcers may connect the heart chambeis. oi 
pennit the infection to extend to the pericardium, causing diffuse 
fibrinous pericarditis. The v^eiations are the source for emboli ivhich 
manifest themselves in the skin and mucous membrane as ivhite-ceiuered 
petechiae, in the viscera and brain by causing infarction, and in tlie limbs 
by producing ischemic pain or gangrene. 

In the streptococcal cases there is usually a glomertiJonepJiritis, wJiicJi 
often shoivs focal glomerular lesions as though from minute emboli. 
However, in cases where the lesion is in a ductus arteriosus, extending 
to the right side of the heart and with no infarcts except in the lungs, 
the kidneys may have focal or pute diffuse glomerulonephritis. Tliis 
type of kidney disease is quite rare in bacillary and even in other coccal 
types of endocarditis. Renal lesions may .still be active in cases in which 
the heart lesions have become sterile and well healed. 
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In the icuie cases leukocytic rciction is often imrketl but there is 
relatively little neu fibrous tissue formed at the margins of the lesions 
With subacute types lioueier a macrophage and fibroblastic rcs{>omc 
usually predominates There are occasionally many macrophages or giant 
monocytes in the blood 5 0 and nests of such cells may be found in the 
myocardmm as ivell as in the richly v-ascular granulation tissue invading 
the thrombi on the endocardium lO 

The cases winch remain baaena free so far as blood cultures arc con 
cerned comprise lo to 20 per cent of those viith active streptococcal 
endocarditis They have many organisms in the vegetations demonstrable 
by culture as well as on direct evamination after death These organisms 
are often close to the surface or on the surface of the vegeLations and not 
simply buried m its depths Their failure to grow from the blood merely 
shows what high bacteriostatic properties the blood possesses and how 
incffecuve this is iti aiTcsting the disease or acting ou organisms in the 
thrombi \ei discouraging as is the clinical experience cases of acute 
and subacute endocarditis do occasionally become free of bacteria and 
completely healed scars are found at autopsy often with no history of an 
illness recognizable as bacterial endocarditis 

INCIDENCE 

Clinically T€Co„iuiablc cases occur (tom childhood to seniliiy but 
there IS a sharp peak in incidence between puberty and the early forties 
In older people the anatomical incidence is still high up into the sixties 
but many of these either arc terminal lesions m other fatal illnesses or 
arc of brief tlnucal duration donninted by embolic phenomena which 
can scarcely be distinguished from the vascular acadents due to degentra 
an e disease Ratiernl endocardivvs singles owl die well coiwjvcnsaitd cases 
of healed rheumatic heart disease and the functionally iimmporiaiii con 
genital lesions ^\hcn patients vsitli heart disease decompensate they 
often have marked nialnuirition and obvious damage to the respiratory 
and digestive tract \et such cases even when in miserable physical con 
dition retain a remarkable resistance to bacterial invasion of ihc heart 
Even in cases of lunculir fibrillaiion vsitlimit congesuve failure bacterial 
endocarditis is uncommon U Severe congestive failure in cases of endo- 
carditis may be precipitated by baeiciial destruction of valve Icillcts uiib 
out arresting the progress of the endocardial infection but rongcstive 
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failure plays some role in pieventing bacterial endocarditis even though 
po^verless to arrest its progress 

While there are some ivho believe this disease is more frequent than 
formerly a comparison of Harbitzs report (I^onvay 188696 1700 
autopsies) ^vith that of Ophuls (Californn 19001923 3000 autopsies) 
and with our own records for Cahfomii (1934 38 2300 autopsies) mdi 
cates no striking chinge in relation to total autopsies or to chronic rheu 
matic heart lesions o\er a period of 50 years and from 36 to 60° north 
latitude Clinical recognition is more frequent and each case is probably 
seen by a larger number of physicians than in the early decades of the 
history of the disease Marked \ariations m annual incidence may have 
occurred m some localities as suggested by Musser (1934) 

RECOGNITION 

Feu diseases assume so vanet! a clinical course or conceal dieir true 
nature more completely behind some sequel appearing to be an unrelated 
disorder '\et the disease usually follows this simple pattern A young or 
middle aged person gradually notices a constant disinclination for food 
work and play, and may be aware of fever irregular or occurring in the 
afternoon He (or she since the disease is almost as frequent m women) 
may be unaware of any heart lesion or have almost forgotten the diagnosis 
made on some prior occasion at any rate cardiac symptoms do not obtrude 
on his consciousness Tenderness or clubbing of finger tips or petechial 
lesions may be noted by the patient He may finally take to bed on lus 
physician s orders rather than because he feels quite unable to be up 
Thus begins a steady failure not unlike tJiat of phthisis but complicated 
toward the end by embolic accidents— palsies abdominal pain acute 
bowel obstruction pam and loss of function in arm or leg As in tuber 
culosis there is usually toward the end at least secondary anemia which 
may be severe a normal or moderately elevated white blood count rapid 
sedimentation of blood slight proteinuria 

The distinctive features which suggest the diagnosis are the ausculta 
tory abnormalities m the heart a slight splenic enlargement clubbed 
fingers petechiae and red cell casts or an abnormally large number of 
red cells in the urine The latter may be demonstrable only when timed 
urine specimens are examined under constant conditions and the 
auscultatory findings may not be very striking— merely a systolic murmur 
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sonieulnt harsher tlnn is to he expected of x functioml iimmmr due 
to fe\er IE there are definuc dnstolic murmurs or a basal sjstohc thrill 
the existence of an organic lesion and its probable relation to the febrile 
illness are at once apparent 

In some cases tvhere onij an apical s)stohc munnur is first eiidcnl 
one must hate the patient he supine and a little on the left side uhile 
listening at the apex and about the apical region, in order to hear a dtas 
tolic or presystolic murmur Or it ma) be retealed when the pulse is 
slots ed by pressure on the carotid bulb The munnur of mural stenosis 
especial!} in this group of patients often is difficult to detect but repeated 
search under tarious conditions sertes to prote that some of the harsh 
systolic murmurs or tery sharp loud first sounds have a diastolic element 
associated tviih them Repeated seardi for conjunctital and buccal 
peiechiae as well as for those on the skin and the ohsertaiion of clnhbing 
of the fingers must also be stressed in the physical examination 

Normal heart size and normal roentgen contours do not rule out bac 
tenal endocarditis but slight cardiac enlargement and abnormal contour, 
like a harsh systolic munnur may suggest or confirm the diagnosis of 
organic Jieait disease on which bacterial infection might be super 
imposed The constant search for pctetlnae the repeated and pain 
staking examination of urine for red cells and of the abdomen for 
splenomegaly are of particular im|x)rtance u hen the blood culturis are 
negative, as is true in about one of eight cases carefully studied over long 
periods of time, and in a larger proportion of cases in which only one 
or two cultures are made When the cultures arc negative embolic 
phenomena petechiae glomcrulonephrius and splenomegaly in various 
combinations sooner or later serve to confirm the diagnosis suggested by 
fever and auscultatory abnormality 

■While these classical cases with or witliout positive culture arc usinlly 
suspected on first examination and proved within a feu days the otliers 
may for weeks escape detection even by the experienced diagnostician 
and die before being recognized Some of llie pitfalls are best emphisi/cd 
by coninsting cases of bacterial endocarditis with other types of disease 
with which tliey may be confused 

Severe gonococcal arthritis A man of 21 developed severe j)oIj 
artliruis several v>ceks aficr the onset of urcthntis proved by smear to 
be gonococcal He ran a fcbnic course but had only a soft systolic 
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murmur, no skin lesions. After several intravenous ijphoiil injections his 
fever rose to 395® to ‘10.3® C. (103® lo 101.5® F.), and after five dajs of 
delirium and semi coma, he died. At autopsv no endocardial lesion. 

Severe gonococcal arthritis; haacrcal endocarditis; erroneous diag- 
nosis of coronar) thrombosis A widow of 52 developed |>oljariliriiis uilli 
fever at times. After several months she suddenly had substcrnal distress 
and congestive licari failure, with piilmonar) cdtina and hep.atic lender 
ness. 1 he heart sounds were nninied and the rale about 150 when she was 
brouglit to the hospital, no definite mtimntr was recognired She died 
within three dajs of the canliac academ, and at auiopsj was found to 
have a mild endoccniciiis, and gonococcal endocarditis vmh destruction 
of one entire aortic leaflet. 

Comtfienl: A genteel socnl {xisttion and the reJativclj hcttign coutse 
of the pol)aUhritis clouded the recognition of gonocotcal infection, the 
stonny onset of cardiac symptoms suggested m)Ocai<lial infarction, in 
severe Iieait failiue, vvitfi rapid rate and gallop sounds the diagnosis of 
valve lesions is panicularl) di/Iicult. 

Pneumococcal endocarditis mistaken for ciup>cma A man of 56 had 
a severe and prolonged bout of pneumoiua, probablv hroncliopncumonia 
although rather extensive in the right upper and middle lobes Tiic 
temperature never fell to normal, but began to fluctuate in the second 
week after a few da>s in which it rose onlv to 37.5® C (990® I ). For 
three weeks he had cJnlis. fever, ami suhiiormal temjierature. The roeni 
gen examination still showed haziness on the right, and though there v\erc 
no definite physical signs, ilioraccnicsis was repeatedly attempted A 
systolic nninmir, heard iliroughout hts illness, became more harsh, the 
heart shadow larger. Blmxl ciiltiirc, |)Ositivc for pneumoaicnis, was 
obtained on the day of death; the niitraJ valve was tfic scat of many 
cauliflowci-likc vegetations, and many clionlac icndinae vscrc broken 

These examples, taken from cases of rapidly progressive endocarditis 
due to other organisms than streptococcus viridans illustrate certain 
diagnostic di/Ticuhics T7ic following case, due to streptococcus viridiatis, 
shows that rapid progress, or acute endocarditis, may be due to that organ 
ism as well as to those usually considered far more virulent. 

Onset of endocarditis simulating typhoid fever. A man of 32 was on 
Jiis vacation in the country, am! at tlw end of three weeks Logan to have 
headache, anorexia, and prostration Fever wav notctl on two evenings, 
and he returned to his home city, entered a hmpita!. He was apatlictic, 
iiad a fever whirh ran between 39® and 39^* C. (102® to 103 5® F.), but 
a pulse rate of 100. There was a rather harsh systolic murmur in tlic 
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pulmonic arci hIucU tJic patient knciv Iiad been noted tninj ^ears 
before The white count %\as C80O blood culture and \\idal negatuc 
The spleen tvas palpable two da)s later but on the fifth da) a second 
ailiure yielded many colonics of streptococais \indans The patient was 
taken to his home died in less than a month of the onset of symptoms 
There was no autopsy fThe diagnosis was patent ductus arteriosus bac 
lenal endocarditis In this case toxemia was more marked and the clinical 
duration shorter than in many cases of meningococcus or gonococcus 
endocarditis 

Undiagnosed endocarditis hemiplegia In a girl aged 18 latent 
glomerulonepliritis with slowly rising blood pressure was followed for 
three years at 21 the pressure s\as 140/100 blood urea 50 The patient 
had a tooth extracted and next day Iiad nausea headache blurred \ision 
She felt achy and ate poorly three \ ceks after the extraction she sud 
denly' deteloped left hemiplegia On entry two days later there %vas a 
spastic paralysis a loud systolic apical murmur scattered retinal heinor 
rlnges blood pressure HO/80 temperature 39 8® C (103 5® F) There 
was a leukocytosis of 42000 secondary anemia with hemoglobin 55 per 
cent Sahli Blood urea 70 mg per cent She died four weeks after the 
tooth extraction presumably of a cerebrovascular icadent On the mitral 
vahe there were two small v^etations with one ulceration through the 
leaflet and there were infarcts m brain spleen and kidney Smears of 
the vegetations showed streptococa m short chains 

Undiagnosed endocarditis uremia Mistaken diagnosis of gastric 
carcinoma or visceral purpura A printer 44 years old had had rheu 
malic fever at 17 and later had been refused insurance because of heart 
trouble He came to the surgeons because of hemorrhoids but he also 
was very thin and had bleeding gums as well as classical signs of mitral 
stenosis However the Iicniorrhoids wexe €\.cise<l on \farch Ilih and 
he was seen every fev weeks to June 6th because of rectal discomfort 
On July 20tb a friend arranged to have him enter the hospital and then 
tt was learned he had begun to have nud-epi^stric pain one hour after 
meals soon after the hemoirlioideciomy For a month he had been vomit 
ing once or more duly the vomitus was sometimes blood streaked He 
was very weak at limes disoriented The tempenture during the six 
days between entry and death varied between 3 j 8® and 37* C. (96 6® 
and 98 6® F) the pulse was 70 to 80 on entry rising to 110 on the day 
of his death His blood pressure which was 160/90 at the time of lus 
entry in Marcli was now only 110/70 There were many bruises purpimc 
spots and pctccluae on the skin purpuric spots on conjunctivae and in 
the mouth bleeding gums a red count of only 28 M hemoglobin 43 
percent white count 13 000 platelets GO 000 Several examiners at tins 
lime could detect only a systolic apical murmur and discounted the 
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surgeons diagnosis oC muni stenosis The Ii\er 'uul spleen s\cre pilpnble 
the h\er tender ami the untie contained imicli protein mnn> red cells 
and iNliite cells liv \ rajs a 40 per cent six hour gastric residue and some 
irregularity of the first part o£ the duodenum tvcrc noted The heart s^•as 
not enlarged the left auricle a little pronnnent Transfusions failed to 
help and he s as comatose for a day before his death The blootl urea 
reported after death u'as 48 1 mg per cent At autopsy there \\z% a healed 
and calcified rheumatic mural endocarditis sviih scry little stenosis 
scgetations containing streptococci on one leaflet embolism of the left 
coronary artery t ith a myocardial infarct seserc diffuse acute gJomem 
lonephriiis 

It IS obsious that in none of these cases uould coiTect diagnosis Iiate 
altered tlie outcome although it uould in one case ha\e presented 
repeated thoracentesis m another isolation and special nursing for 
typhoid fever in a third ueansome gastroiniesiinal xny stnthes and 
hematological in\estigauons for purpura 

Among the conditions uith winch bacterial entlotardiiis is likely to 
be confused are Hodgkin s disease bone abscess imdulani fc\cr pyehiis 
cardiac infarction meningococcenin and many others TypJioitl fetcr 
and lubercitlosis houescr are the two most frequent enoncoiis diagnoses 
for tins condition It may be complicated by uremia by a cardiac infarct 
or cerebral accident which overshadows the real cause of trouble it may 
mn an afebrile course Positive blood culnircs may lead to an incor 
lect diagnosis of bacterial endocarditis in cases of meinngococccnna 
pylephlebitis sinus thrombosis infected atteriovcnous fistula suppurative 
arthritis and even pyelitis 

Less Common than failure to recognize an endocardial infection is an 
ctroneous diagnosis of bacterial endocarditis when the septic focus is not 
in the heart but the latter error is extremely serious since it prevents the 
use of therapy v\hich nngfit successfully combat Uie actual cause of tlic 
fever and bactcrcmn It is not enough to be on the lookout for IxactcriaJ 
cndocaiditis and take blood cultures m all fevers not clearly due to some 
otlier disease only a painstaking history and physical examination with 
indicated laboratory studies will bring to light the other causes of Inc 
terenna in wlncli with proper tlicnpy tlic prognosis is very nmrli better 
\nd such a study and careful analysis of evidence is necessary to confinn 
the diagnosis of endocarditis in the bacteria fret stage T he hitcr group 
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have the same unhapp) outcome as those v\ith constantly positive 
cultures 12 , 13 

Especial attention must be devoted to the separation of cases of acute 
rheiimatic fever from bacterial endocarditis In the former the spleen 
IS V er^ rarely palpable, and skin tests with streptococci are tisinll) posi 
tive, in the latter the skin tests are negative, the spleen usually palpable 
Both may ha\ e mild joint symptoms, similar fev er charts, leukocy losis and 
rapid blood sedimentation, both have organic heart lesions and varying 
murmurs, botli may pass from compensation to decompensation uliile 
febrile Salicylate may lelteve joint pains m both, or may fail m either, 
success null salicylate merely raises the odds against a nonrheumatic 
lesion just as negative cuhiiies raise the odds against bacterial enclo 
carditis but do not rule it out Abnormal electrocardiograms and 
especially altered AV conduction increase the probability of rheumatic 
origin Embolic jihenomena occur in rheumatic fever only from mural 
thrombi m the auricles in cases with severe decompensation, and usually 
one embolus is enough to decide a doubtful case The combination of 
bacterial endocarditis and rheumatic fever is fortunately rare, but both 
acute and subacute cases are reported 

MANAGEMENT 

The course of the disease may be measured m days or in years, the 
degree of toxemia and tlie cliarictcr of renal and embolic phenomena 
may vary widely and no specific therapy has been evolved Hence, the 
treatment of every case must be basetl on the personality and symptoms 
of each patient Remissions in symptoms are not infrequent, but ‘five 
year cures' are very rare, and in sonic of these glonienilonephritis 
smoulders on toward uiemia In spue of the almost certain fatal out 
come, prognosis to the family and to the patient should emphasize the 
possibility of remission and even recovery, and every effort should be 
made, by agreealile surroundings, diet, iron, vitamin supplements, and 
especially by repeated blood transfusions, to maintain the patient’s 
physical condition and Ins morale at the highest possible level Intra 
venous glucose administration may be of value during critical episodes 
In this disease one may recall Francis Baron’s aphorism "To brand a 
disease incurable is to establish neglect and carelessness as if by law'.’’ 
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■\Vhen the pitient is afebnle and feels tvell enough to enjoy it, he 
should be alloued to stt up, to move about even to go out tf this can be 
done xLiihout having to climb stairs Patients should be in bed t\hen 
febrile but in order to inaintam r\cight and strength the) should have 
frequent cli ingc of posture including sitting up in bed or m an arm 
chair if tjiat is found to be restful They also require alcohol rubs and 
unobstuisne adaptation of the diet to suit each taste and gi\e maximum 
caloric intake No immune therapy or chemotherapy has been found 
effective but various members of the sulfanilamide group may be given 
fair trial !'■ Some still use neoarsphcnamine or cacodylatc in moderate 
doses repeated small imiamtisciilar injections of autogenous vaccine or 
the very expensive treatinems siicJi as immune transfusions if the invalid 
can well afford them and i% of a lemjierament which withstands patient 
siege warfare badly but is encouraged by bold forays Fever therapy may 
be of value in gonococcal cndocaidiiis Howcvci no form of theiapy 
which causes obvious disturbance to appetite oi wellbeing should be 
used and more drastic inetliods should be tried out on the experimental 
disease in dogs before their trial on patienis is justified The awakening 
of hope in chemotherapy emphasizes the importance of holding out in 
the siege with our present weapons as long is jiossiblc for sooner or later 
really efficacious metliods may be developed for managing such infections 
Successes as well as fatal accidents have attended the use of the anti 
coagulant hepanii in conibiintion with sulfanilamide or sulfapyri 
dinesa 24 Since the prognosis is bad the risk of fatal hemorrhage 
occurring from whit othenvisc would be a relatively unimportant 
infarction of the brain 01 spleen is a risk now justified by the reports 
of remissions TIic treatment is not only hazardous but expensive and 
therefore can only be advised wJicic optimal conditions for professional 
and institutional help arc available Since reinfection is apt to occur 
and treatment may have to be given again only a much more reliable 
and safer type of therapy can be regardeti as a satisfactory solution of 
the problem The rejxirtcd effects of heparin combined witli ncO' 
arsphenainmc or vMth one of the siilfimhmidc group and given con 
tinuously for several weeks raise hopes foi ibt early development of a 
safe cure 
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PREVENTION 

The physician who has an oppominit) to follow man) patients with 
fully compensated rlieuraatic or congenital heart lesions is onl) too 
acutely conscious of the fact that year after year some of these people 
whom he examined only because a murmur had been detected will reap 
pear with an infectious disease o\er whose relentless progress he has no 
control Some cardiologists note on die histones of tlic patients who base 
valve lesions no rheumatic activity and no signs of cardiac embarrass 
ment that they are candidates for bacterial endocarditis rortunatcly 
most of the group live out a normal span or succumb to the other hazards 
of life without being elected to office but the cases in whom the sinister 
prediction is known to be fuiniled within ten years is laige enough to 
make the question of prophylaxis cogent 17 \Vhat precautionary methods 
are of value what advice sliould we give to this group of candidates^ 

■\VitJioul giving the patient the quite erroneous idea that he is heading 
for an inevitable catastrophe we should inform him (and in some cases 
his close relatives or employer) that Uiere is as much likelihood of a 
flare up of infection m his heart as of heart failure at any time m the next 
three or four decades In addition to cautioning Inm against iliose exces 
sive efforts which impose a great strain on the mechanism of the heart he 
should be advised to treat all respiratory infections seriously to keep quiet 
and warm until a cold whether in the head iliroat or chest has been 
entirely well for several days and to have no operative procedure on the 
teeth throat or nose without the advice of an internist familiar with liis 
cardiac lesion 

While only a prolonged senes of cases can prove or dispiove its value 
It seems possible that full dosage of sulfanilamide begun a day before such 
operations and maintained until the mucous membrane has healed would 
reduce the risk of endocardial infection The risk is of course not large 
for each such procedure but the consequences of this type of infection 
are so grave as to make precautionary measures advisable The ligation 
of a patent ductus arteriosus has been performed as a prophylactic mcas 
lire but until a senes of ligated cases has been followed for some years 
It will not be possible to evaluate ibis difficult pinccduic 

For the present prophylaxis consists in niiminizing ilie need for opera 
lions about the nose month or anus and in early and prolonged care 
for all intercurrent infections of tliose whose heart lesions prcdisiiose to 
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‘this cliseise Chemotherapy, and the control o£ acute rheumatic fe\er 
offer the great future goals in therapy and prophylaxis 
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CARDIOVASCULAR SYPHILIS 

By James r Pauiitn MD nncl W illiam R Minmch Ml) 

Introduction Sjphihnc henrt disease is a term avhich primarily 
means syphilis msoUing the aorta There are other parts of the cardio- 
\ascular system invohed m this disease but the aorta is tlic one portion 
of the system iJiich is most frequently damaged and s\hicli slious the 
earliest manifestations of syphilitic imasion 

As early as 1728 Lancisi and in 1761 Morgagni suspected the relation 
ship existing betueen syphilis and aortic aneurysm but the real story of 
syphilitic lortitis was not written until 1875 when rrancis H Welch of 
England dcscrificd the gross and histological lesions found in this con 
dition Dohle a pupil of Hellers in 1885 wrote ratlicr comprchensi\cly 
on the subject and in 1907 Renter and Sclmioil demonstrated the 
Tre^iotiema. pa/hduin m the lesions of syphilitic aortitis Since iliat time 
much confinnatory eiidence has been produced showing the close rela 
tion existing bctivcen syplulis and a ccrwain type of pathological lesion 
occurring in the aorta Additional c\idence of the part played by syphilis 
m this condition has been strengthened by ihc presence of a jiositiic 
yPassermann reaction occurring in the blood of so many patients with 
aortic imoliement 

ETIOLOGY 

Tlie Trepoiietua jjallulum is the causaitie organism of syphilis At 
the time of the primary infetiion the treponema enters the blood stream 
and IS distributed generally tlmnighout the body Curiously enough and 
for an equally unexpliuicd reason the ascending aorta the aortic arch 
and the entire thoracic aorta seem to lie an excellent hiding plate for 
tliesc organisms they collect in the adseiititia and the metha and may 
he seemingly donnani in this location for 10 or 15 years before gismg 
any symptoms or signs which ssould lead to their discoscry 
(138) 
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As )et there is no dcrmiit. evidence to shov\ ihit there is ^n) 
generalired nciive or icute mvohcniLiit of the norta during earl) 
s>philiiic infection, but there arc excepiioinl cases of rather dramatic and 
disastrous lesions occurring in cerfun individinls uithin i jcir after the 
pnmar) infection Such a patient v\'is recently observed on our service 
at the Emor) Unnersitj Division of the Grad> Hospital 

A colored male single 19 ^ears old was adnutted to the hospital in 
great respirator) distress His s}n)ptonis began raiher sudden!) on i}ie 
morning of December 19 1935 W liile dressing he very suddenl) dcvel 
oped marked shortness of breath He started to work but was able to go 
Old) a block before he vsas forcetl to stop and rest because of severe 
d)bpnca He returned home rested and die nc\i da) v\~is able to work 
He suffered with constant shortness of breath however which soon caused 
great distress even v\hile l)ing down he w’as able to obtain slight relief 
b) drawing Iiis knees upward towards his dicsi Twelve dais after the 
onset of s)Tnptojn5 lie noticed a slight swelling of Ins face and one month 
after the onset he became so exircmcl) d>spncic that while sitting m a 
chair ht became unconscious and fell out He was imnicdiattl) brought 
to the emcrgenc) clinic and v\as admitted to tlic hospital 

There was a lustor) of having had sore throat at the age of seven 
)ears but there fiad never been an) joint pains In Maj of IOSj seven 
months previous to the onset of his illness he had gonorrhea and a penile 
lesion At this tune the Trrf/OMnna f>nlhtium was found in the evudiie 
/rom ihc penile lesion 

On examination his icmpcraUirc was 37 8® C (100* h ) pulse 110 
respirations 28 die svsiolic blootl pressure vvas 1 10 tlic diastolic 56 mm 
of mcrair) He w-as a wcIUlcvclojK-d negro male propjicd up in bed 
reclining sliglul) on lus right side with lus knees drawn upward He was 
quite orihopntic. There was moderate distention of the seitis of the neck 
and there was marked c)ano5is of the mucous membranes Tlicrc were 
nunicrous medium and moist rales throughout both lungs more nnrktd 
over the bases pirtiaihrlv on the right side The point of nnximum 
cardne impulse was most forceful in the sixth uutrcosnl spncc H an to 
the left of the mullinc although there v>as a pilpvble ami visible impulse 
111 tht fourili and fifth interspaces The entire prccordiutn was thrust 
fons’ard with each s)sfole \t the tpev there wis i pronounccil tlmtohc 
thrill whicli was best felt just below Uic nippk The shock of the first 
sound WJ5 easih fch There was marked enlargement of the heart chicfi) 
downward ami to the left At the aj»c\ the first sound was loud ntid 
booimn" nnd was followcil b) i blowing sjstohc inummr transmitted 
upward and to tht left The scaind sound was efear and snapping and 
was followed b) a foud low pitched rtmibhng diastolic nmmmr Otcr 
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ihe base o£ the heart Uiere was a \ery loud to and fro murmur tlie louder 
being the diastolic murmur which was best heard in the second interspace 
to the right of the sternum The S}stolic murmur at this area was quite 
loud rotigh and of lower pitdi than the diastolic murmur The first 
sound was completel) replaced bj the sjsiolic murmur which was irans 
mitted to the aessels of the neck Tlie radial pulses were equal regular 
full bounding and of the Corrigan type There was a distinct capillary 
pulse and pistol shot sounds weic heard o\er botli femoral arteries The 
liver was considerably enlarged extending 5 cm below the costal border 
There was no fluid in the abdomen There was a scar on the shaft of the 
penis The blood Wassermann was positise 

llTicn admitted to the hospital the patient svis seriously ill His 
temperature increased he dctelopcd signs of terminal pneumonia and 
died on the third day after his admission 

\n autopsy was performed IG hours after death The heart was 
considerably enlarged marVcdly dilated and very flabby The tncuspid 
mitral and pulmonic \ahcs s\erc normal The posterior leaflet of the 
aortic \al\e presented a perforation measuring approximately 0 8 cm in 
diameter This leaflet was thickened and firm The edges of the fenestra 
tion were friable and slightly injected At the attachment of the sahe 
tliere was a small nodule whidi was slightly swollen hard tliick and firm 
Examination of the aorta just posterior to the leaflet showed a distinct 
swelling and a tendency to corrugation Sections made tluxiugh this area 
showed extensive involvement of the aorta from the intima through the 
media to the adventitia The intima was thick edematous and swollen 
and contained numerous round cells and fibroblasts The media was 
heavily scarred with fibrous tissue and numerous small round cells and 
plasma cells showing their greatest collection about the blood vessels 
In the adventitia tliere vvere numerous fibroblasts lymphoqtes and 
plasma cells indicating a rather acute fulminating process probably 
syphilitic The interesting facts are that this patient received his primary 
infection in ^fay of I95a with a positive darkfield examination he 
developed an acute aortic syphilis which involved only a small area in 
the aorta but also the posterior leaflet of the aortic valve causing a gum 
raalous degeneration of the valve with perforation within a penod of nine 
months from the initial lesion 

PREVALENCE AND DISTRIBUTION 
Several years ago it was believed by some that the prevalence of cardio 
vascular syphibs was increased by the use of arsphenaniine The only 
ground for such a statement would be that in those with primary syphilis 
too little treatment was given to effect a cure In the present day it is 
gratifying to see tlie inadence of tins disease decreasing in general hos 



CARDIOVASCULAR SYPHILIS HI 

pitals, vhich is probably due to the activity of the Public HealUi authori- 
ties and to the physicians in priv-ate practice, who are not only furnishing 
reliable information concerning tlie early diagnosis and the sequelae of 
poorly treated syphilis, but who have also established an acceptable 
metliod of therapy for the cure of the disease. Statistical data vary con- 
siderably as to the prevalence of aortic involvement in those who have 
had syphilis. IVarthin, from post-mortem experience, is of the opinion 
that 90 per cent of those with syphilis show definite aortitis. Langer from 
the Virchow Krankenhaus among 23.105 autopsies on syphilitic peisons 
found from 70 to 80 per cent with cardioN-ascular imolvement. It is true 
that many of these lesions were minimal and could only have been 
detected at autopsy. White in 1933 reports 2.8 per cent of .syphilitic 
aortitis in 2100 autopsies at the Massachusetts General Hospital. Cowan 
and Faulds in 1929 leport six per cent in 100 autopsies at Glasgow. At 
the Grady Hospital in Atlanta during tlie past five years wc have 
encountered 106 cases among 1837 autopsies. 

The clinical recognition of syphilitic aortitis has not kept pace with 
the incidence discovered at autopsy despite the fact of a greater increase 
in the efficiency of diagnosis. This, hosvever, is readily explained; when a 
large amount of autopsy material is studied, it is readily seen that it is an 
impossibility to detect, fiom physical or other examinations, the minimal 
lesions of this infection. Codiems and Kemp among 1000 individuals 
tvith syphilis found 12.7 per cent with cardiovascular involvement. 
Turner among 6000 patients was able to recognize 10.1 per cent svith 
cardiovascular involvement. Such a discrepancy among these data should 
stimulate all physicians to exert greater effort in the early recognition of 
this disease and, perhaps still better, to consider that any patient rrho has 
had syphilis and who has not had adequate treatment has cardiovascular 
involvement unless it can be definitely established othenvise. 

Congenital syphilis can produce cardiovascular degenerative changes 
affecting chiefly the myocardium as is shown by numerous case reports. 
These cases are of more academic than clinical interest since very few 
so infected sun-ive for any length of time. 

AGE AND RACE 

Cardiovascular syphilis is much commoner in the South than in other 
parts of the country. largely because of the negro population and also 
because of the less common occurrence of rheumatic heart disease. 
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The factor of age in acquired cardiovascular syphilis is of some impor 
nnce as the manifestations usiiall) occur from lo to 20 years after the 
primary lesion This places the greatest age incidence between 30 and 50 
years which is between the age group of patients with rheumatic heart 
disease on the one hand and the group of those with artenoscleiosis or 
liypertensiie heart disease on the other The majority of the cases are 
found m the fourth decade with the fifth and third following closely 
There are of course cases ocainmg m much younger and mucli older 
indiiiduals In the negro race either on account of a lack of inherent 
racial immunity or on account of acquinng the disease earlier in life and 
usually without any treatment we find cardioiasculai involvement occur 
ing at a much younger period Among the whites as well as among 
negroes there will be approximately four males to one female This dis 
crepancy is usually explained by die fact that men perform much mote 
arduous work tlian women and that iheie is a much severer strain thrown 
upon the aorta Houever one must not lose sight of die fact that the 
promiscuity of the male is much more dian tliat of the female which 
makes him decidedly more liable to contract the disease 

Social status is dcfinuely related to the occurrence of syphilitic infec 
tion It IS well known that the uneducated and ignorant races aie much 
more prone to have the infection than people of higher intelligence It is 
of importance to recall that among the ignorant there is frequently no 
treatment or only part treatment for this infection and adequate treat 
ment is very rare Tune and close observation alone will tell the effect 
which intensive treatment will have on die percentage of involvement of 
the cardiovascular system in syphilis Moore and lus associates are very 
encouraging by stating that in a senes of 117 patients who were treated 
intensively with three or more couises of arsphenamme and the heavy 
metals and who have been under observation for nine years none sliowcd 
cardiovascular involvement whereas of 285 patients who had not been 
so intensively treated but who were likewise kept under observation Cor 
this period of time there were who showed evidence of aortitis or its 
complications It is undoubtedly true that die type of work jici formed 
plays an important r61e in the piogress of aortic disease in that the more 
severe and straining the work the greater will be the damage to the aorta 
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PATHOLOGY 

In\oKement o{ the aorta is almost the unuersal lesion in latent 
sjphihs Ive\.t in frequency is s}phihttc m>ocarditis and aer> rirelj a 
lociluetl gumma m the heart muscle The patholt^ical picture ot 
S}philitic aortitis is ler) characteristic and \er) seldom mistaken for any 
other lesion It is one of very marked cellular infiltration involving as a 
rule all tliree layers of the aorta and along with this there is a hyaline 
destruction of tissue with evidence of healing and replacement by fibrous 
tissue and formation of new blood vessels with resulting scarification 

Tliere are many different ideas advanced by various authois as to iJic 
mode of infection Some think the treponema is earned directly to the 
aorta from the primary lesion and that there begins a chronic inninuna 
lory lesion In suppoit of their claims they cue the frequent finding ol the 
treponema m the aorta of patients who died from other causes during 
early syplulutc infection 

Klotr advanced the idea with constdenble evidence to support ins 
view that the treponema passed to the aorta ihrougli the lymphatics of 
the mediastinum liaving been trapjied m the mediastinal lymph nodes 
where they cmsc a mediasttniiis Saphir and Scott and Backhaus are of 
the opinion that the end result which is medial degeneration is due to 
an endarteritis of the visa vasorum produced by a proliferation of the 
cclluhr elements within these small blood vessels which interferes with 
the nutrition of the mc*dn 

Gross examination of the aorta levcals well outlined elevatctl gray 
translucent patches which may be discrete or may coalesce to form 1 irger 
areas These streaks or patches run lengthwise of the aorta and usually 
begin just above or at the sinus of Valsalva and proceed upward to the 
arch involving it and occasionally the abdominal aorta altJiougli in most 
cases of syphilitic aortitis the process usually stops vs here the aorta passes 
through the diaphragm This is not alvvavs true for occasionally tlie 
abdominal aorta alone may l>c the only patt involved \ cry rarely do 
these typical lesions degenerate and form ulcers The latter cotidiiion is 
much more commonly found in aihcromaious degeneration which may 
also accompany syphihuc aortitis 

If the mnaiiinuiory priKtss is it frccpicmly dots involves the aorta 
about the ostia of tfic coronary arteries serious difficulties arise It is of 
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interest that the ostia of die coronary arteries may show extensive disease, 
yet very rarely will the process extend further into die coronary arteries. 
In some instances there will be found a minimal amount of damage else- 
where in the aorta, the disease being localized cliielly about the ostia and 
causing eidier complete or partial occlusion. 



Ficuke 1. Extensive S]rptu1'ictc aortitis showing a mariced "ireebarh” appearance oI 
the aorta; thickening svitli deConnify of the commissures of the aortic valves produc- 
ing aortic insuffiaency. ILocalizcd small areas of aortic dilatation. 


The microscopical picture is very characteristic. In the adventitia and 
about die vasa vasorum in the media one finds a collection of small, round, 
singly nucleated cells with plasma cells and fibroblasts. This infiltration, 
beginning in the adventitia, proceeds into the media, where the blood 
vessels gradually become narrowed and almost completely obliterated. 
The round cells, die plasma cells, and the fibroblasts so infiltrate the con- 
nective tissue and the elastic tissue that hyaline degenerative changes are 
most marhed. One can frequently see strands of elastic tissue that are 
broken and tvidely separated from eacli other, and between diese fibers 
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there is m attempt at healing by replacement auth connecti\e tissues 
The Cells of the tntima inaease in number and frequently form distinct 
ridges uhidi project into the lumen o£ the aorta 

In the media there occur \ery frequently areas of necrosis rsith com 
plete destruction of all formed elements resembling small gummata As 
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this destructive piocess continues the vessel mil btcoiiics u’eaheried and 
according to the c\tent there may develop citlier a small or a large 
aneinysm Sometimes the media is completel} replaced h) fibrous iissuc 
Should the destructive change proceed downward and involve the com 
niissures of the aoitic valve or should it involve the valve itself we find 
marked letnctiou scariftcition and shoitemng of the aortic cusps or 
12 
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dilatation of the aortic ring resulting in aortic insufRciency If the infec 
tion IS extensne and progresses more or less simultaneous!) there is gen 
eralized thinning of the entire thoracic aorta resulting in general dilata 
tion of the \essel or if the infection is localized there deielops a saccular 
aneur)sm tshich most frequenti) is found m the ascending aorta although 
It may occur in any part The most common complication of syphilitic 
aortitis IS aortic insufficiency nhich is present in approximately 50 per 
cent of the patients who are correctly diagnosed— \ery rarely is it seen 
early in the disease 

Uith thickening of the iniima a narrowing or partial obstruction of 
branches of the aorta may occur This Ins been mentioned as occurring 
about the ostium of the coronary artery the innominate the subclasian 
the intercostal and the carotid arteries may likewise be insohcd 

Syphilis of the myocardium does occur either in tlie form of a sohtary 
gumma or as a diffuse subacute inflammatory process insoUing most com 
monly the left %entricle Giimmata of the heart muscle are usually 
located near the base m tlie interventricular septum and have the general 
characteristics of similar lesions occurring elsewhere They are seldom 
discovered except at autopsy Subacute myocardial syphilis described so 
well by 'Warthin and others which perhaps is rarer than other forms of 
cardiac involvement usually is seen in the left ventricle There is a very 
diffuse infiltration of the muscuhr wall with numerous small round cells 
plasma cells fibroblasts and very occasionally a few leukocytes com 
pletely separating and destroying tlie heart muscle Tliese areas are fre 
quently visible to the unaided eye Another lesion probably representing 
a later stage of this subacute process is found in which most of the active 
inflammatory process has disappeared and in its place there are large 
bands of fibrous tissue containing numerous small round cells healing 
having occurred with complete destruction of the heart muscle m these 
areas Both types of myocardial syphilis are usually accompanied by 
syphilitic aortitis 

SYMPTOMS 

A striking feature of syphilitic aortitis is its latency As a rule there 
are no symptoms early in the disease and even later there may be no 
manifestations The early diagnosis of cardiovascular syphilis resolves 
Itself therefore into the early recognition of latent infection of the aorta 
which vsould seldom be necessary if every primary lesion received 
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adequite and continuous treatment When it is possible to make a clinical 
diagnosis of aortitis a\e ha\e seen from a discussion of the pathology of 
the disease that much irreparable damage has been done 

Symptoms generally speaking result from insolvement of the aoria 
in one of three uays i The aortic aihe or its commissures become dis 
eased resulting in incompetent,} cardiac hypertrophy dilatation and 
finally congestiie heart failure 2 Dilatation of the aorta either difFusc 
or saccular ivithout syanptoms or with symptoms resulting from pressure 
on adjacent oigans 3 Involvement of the ostia of the coionary arteries 
resulting in myocardial ischemia and damage causing pain or heart fail 
lire similar to that of angina pectons The two outstanding symptoms 
for which the majoritv of patients seek relief are substernal oppression or 
pain and paroxysmal attacks of dyspnea 

Substemnl oppression or pain is frequently an early symptom when 
the aorta is involved In the early cases pain is not severe and is usually 
noticed only after unusual exercise It seldom radiates and is localized 
beneath the upper part of the sternum it is not an agonizing pain but 
more of 1 pressure or burning sensation which lasts for 1 short time and 
which as soon as there is a period of rest completely disappears The 
pam frequently is assoaated with mild dyspnea or slight nonproductive 
cough In an oiliensise healthy individual who has been free from sub 
sternal discomfort the onset of pain m the absence of hypertension with 
a positive Wassermann should make one suspicious of aortic involve 
ment A, different type of pain usually accompanies imolvemeni of the 
ostia of the coronary aiteries Tins comes as a rule with exertion is more 
intense lasts longei and may ladiate either to the neck or to the 
shoulder it may be accompanied by slight cyanosis and practically always 
with shoTfness of baeavh OccasvowaUy vlvese attack's occwt dwtvng sleep 
In die beginning they are spaced at wide intervals but gradually the 
intemls decrease and the attacks become more severe Very rarely with 
these attacks of pain one may observe jaalpitation of the heait increase 
in pulse rate and only very excepuonally cardiac irregularity 

Paroxysmal nocturnal dyspnea is given as another time honored 
symptom of syphilitic aortitis While this symptom is not particularly 
chaiacienstic of sypinliiic aortitis since it is frequently olisened in hyper 
tensive and aitcnosclerotic heart disease it is of sufficient importance to 
be suggestive of involvement of the aorta m syphilis A patient with this 
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symptom may ha\ e attacks during the day but they most frequently occur 
at night 

The attacks arc quite dramatic coming on suddenly and auakening 
the patient out of a sound sleep he suddenly rises in bed or stands or 
goes to an open windou He becomes extremely anxious and miserable 
he breaks out in a cold clammy sueat The respirations are increased m 
depth and frequency There is perhaps more difiicuhy -with expiration 
than inspiration The heart rate increases Such attacks occur inde 
pendent of exertion and last from 5 10 15 minutes gradually subsiding 
During tlie height of the attack ilicrc 1$ frequent nonproductiie cough 
After the jiaroxysm subsides the patient ficquently returns to bed and 
again falls asleep 

Occasionally the attacks are much more seiere and are associated i\ith 
eiidence of marked pulmonary edema and congestne heart tailure 
Between attacks the jxitient is usually free from all symptoms and is per 
fectly able to carry on bis usual occupation Once attacks of paroxysmal 
dyspnea manifest themseUes they usually increase in frequency and 
seienty until true congestne heart failure results Tliese attacks occur in 
patients nho fuse uncomplicated syphilitic aortitis as uell as in those uho 
manifest other complications of this disease 

PHYSICAL SIGNS 

On account of the latency of the manifestaiions of cardmaascidar 
syphilis there may be no physical signs whatsocaer and only too fre 
quenily is the eaidence discoacrcd at post moriem On die other hand 
aaith inaohemeni of the aorta one may occasionally find rather obaious 
signs of the disease The physical signs are those of aortic dilatation 
\shich asere described so clearly and distinctly by McCrae in 1910 These 
consist lery briefly in (1) an increase in the percussed area of dullness 
01 er the upper part of the sternum which is usually most marked to the 
right of the sternum m the first and second interspaces though occa 
sionally the dullness will extend to the left The heart in practically 
eiery uncomplicated case of syphilitic aortitis is normal in size and there 
IS no hypertension (2) In a number of cases there may be seen a pulsa 
tion in the first and second interspaces to the right of the sternum or in 
the suprasternal notcli with this there may be observed a slight thrusting 
fonrard of the upper part of the sternum Oi er the aortic area one 
frequently hears a soft systolic raurmurwhich is transmitted to the vessels 
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of die neck (4) Of greatest importance is the loud 'unphoric tambour 
hke lortjc second sound heird best to the right of the sternum in die 
second interspace \\ hen obtained tins is an CNtiemel) charictenstic and 
saliiable sign perhaps the most \aliiabJe and differs in quality from 
that heard in patients i\iih hypertension It is generally stated that this 
IS present in practically all cases nith aortic dihiation 

Additional information is obtained from loenigen ray examination 
The greatest help is obtained from fluoroscopic examination of the heart 
and aorta in the anteroposterior the left oblique and the right oblique 
positions "With an experienced obscner it is generally speaking easier 
to detect vadening of the aorta to tlic nght of the sternum s\uh an 
increase of aortic pulsation which is one of the most important roentgen 
ray signs Widening of the aorta to the left sometimes is quite confusing 
In the left oblique position a good \iexs of the aorta can be obtained and 
this is frequently most helpful In a patient with aneurysm the roentgen 
ray furnishes the deciding evidence m die diagnosis and with its employ 
ment one can frequently detect not only one but seteral saccular 
dilatations 

The clcctTocardiograin gives very little additional aid m making a 
diagnosis Smith and Blackford recently studied traangs made from i«>8 
patients with sypluhtic aortic incompetency and in comparing these uith 
goo tracings made from patients with other types of heart disease found 
that the following changes occurred with significantly greater frequency 
m the syphilitic group (a) Intrasentricular conduction defects (6) left 
axis desiation (c) low soltage T waie ( 4 ) ST segment deintion 
Arrhythmia was rare Transient auricular fibrillation occurred in only 
3 I per cent of the syphilitic group 

The Wassermann and precipitation tests of the blood are of con 
siderable salue in establishing the presence or absence of syphilis One 
must realize however that these tests are positise in approximately 80 per 
cent of patients with sypluhtic aonitis and tint if the blood reaction is 
negative one should not dismiss the diagnosis of syphilitic aortitis 

COMPLICATIONS 

It IS unfortunately loo true that a great number of patients with 
cardiovascular syphilis are unsuspected and undiagnosed until some one 
of the three complications arises The diagnosis then is usually quite 
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evident, but the patient has reached Uiat stage of his disease when all 
chances of a cure have gone and when about all that one can hope for is 
to salvage as mucli as possible from the wreckage by prolonging life wiili 
adequate treatment directed towards the care of the patient, his heart, and 
his s)philis. 

AORTIC INSUFFICIENCY 

This is the commonest complication observed. It occurs with a 
variable degree of frequency in different hospitals, depending greatly on 
the clientele. During the past four jears among 224 patietns with cardio- 
vascular s)phihs admitted to the Emor} University Division of the Grady 
Hospital, 1 j2, or G3 per cent, had aortic incompetency, A few were 
admitted to the hospital for other conditions, although the majority came 
because of congestive heart failure. 

Pure aortic insufficiency, occurring between the ages of 30 and 60 
years among w’hites and at an earlier age in negroes, in the absence of a 
history of rheumatic fever and hypertension is practically always due to 
syphilis The physical signs are those of aortic insufficiency. Tlicre is a 
diastolic murmur heard over the aortic area. In the beginning of the 
disease the murmur is very faint and scarcely audible, but with time it 
becomes loud and rough. At the apex there soon develops a soft systolic 
murmur in association wiili the diastolic murmur, wlilth increases in 
intensity; and not infrequently a very distinct rumbling, prcsystolic mur- 
mur— tlic Austin Flint murmur— is heard As time passes there ensues 
cardiac hypertrophy, chiefly of the left ventricle, and the other changes 
associated with aortic incomjicicncy, vir* (a) \'isiblc pulsation in most 
of the larger arteries, (£») Corrigan's pulse, (c) capillary pulsation 
observed in the nail bed, (d) marked change in the systolic and diastolic 
blood pressure with an increase in pulse pressure, and (c) pistol shot 
sounds heard over the femoral arteries. 

^V'^hen there is also some degree of involvement of the ostia of the 
coronary arteries, though in some cases without any marked involve 
ment, these patients have attacks of paroxysmal dyspnea. Sudden death is 
not unusual. "When congestive heart failure once develops, the condition 
usually yields to treatment directed to the improvement of the circula- 
tion, but on the whole, if a patient lives two years after the onset of tliis. 
he is quite fortunate. 
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ANEURYSM 

This IS the next most freqncnt complication of s)phihtic aortitis To 
understand the significance of this complication one must bear in mind 
that an aneurysmal dilatation may occur at any place in the aorta and 
may be of any sue On the medical seraice of the Emory Univeisity 
Duision of Grady Hospital during the past 20 years there is practically 
no place m the aorta uhere ue hate not seen an aneurysm and these 
hate varied in sue from tliose of i to 2 cm to those of 15 to 20 cm m 
diameter They occur most frequently in the ascending portion of the 
aoita and the aortic arch next m frequency is tlie descending and 
abdominal aorta Tliey are accompanied in about ten per cent of cases 
uith aortic insufficiency Depending on their sue and location they may 
be a\ithout symptoms and without physical signs and are frequently dis 
coaered only at post mortem 

Among our group of 224 patients with cardioaascular syphilis observed 
during the past four years there were 54 or 24 per cent with aneurysms 
As a rule they occur singly but fairly frequently they are multiple when 
more than one aneurysm occurs there is usually one fairly large saccular 
dilatation accompanied by many smaller ones 

ANEURYSM OF THE ASCENDING AORTA 
These are usually small and occur intrapencardially beginning in the 
sinus of Valsalvai on the right anterior surface of the aorta or tliey may 
onginaie m other parts of the aorta They are usually without symptoms 
and without physical signs and are discoiered at post mortem m patients 
who die suddenly with rupture into the pericardial sac At times an 
aneurysm may extend and cause pressure on the pulmonary artery, giving 
all of tlie symptoms and physical signs of cor pulmonale or it may ruptuie 
into the pulmonary artery While the aneurysms generally aie small they 
may become quite large increasing to the right and displacing the heart 
dovMiward and to tlie left as well as compressing other mediastinal struc 
tures or the lung 

The following case history illustrates the devastating effect of a small 
aneurysm with rupture producing sudden death in an othenMse healthy 
active colored male whose occupation was that of a waiter 

The patient 41 years old was admitted to the hospital complaining 
of pain m his cliest He was perfectly well and had not been sid. at all 
until the morning of November II, 1936 Shortly after dressing he com 
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plained o£ a vague pun in the upper part of his right chest He ate a 
heart} breakfast and reported Cor work at one o clock feeling petfectl} 
well At two o clock while following his occupation he was seized with 
a sudden sharp seicre intense pam in hts clicst beginning in the midline 
just beneath the manubrium radiating downward toward the abdomen 
and fmall) becoming \ery intense m the lower part of his dicst and in his 
upper abdomen Shortlj after tJie onset of pain lie collapsed and was 
admitted to the hospital He gate a history of hating had six injections 
in his arm some seteral tears prctioiisly for bad blood 

Physical examination rctcalcd a well-deteloped well nourished negro 
l)ing in bed in a state of profound shock He was pale and sweating 
profusel) with cold extremities His general physical examination was 
negatitc except for cyanosis His heart beat could not be felt The left 
border of dullness was increased slightlj measuring 10 cm in the left 
fifth intercostal space The heart sounds were tery distant and had a 
lick lock quaht) Tlierc were no murmurs His pulse was tery weak His 
blood pressure could not be obtained. There was apparently no differ 
cnce in the pulse felt in the right and left radials There was a feeble 
pulsation in the femoral ancr) There wais some icntlemess and 
abdominal rigidity in the upper right quadrant The liter ttas not 
increased in size and there was no cridcnce of fluid m the peritoneal 
cavity Hts urine contained three plus albumin His leukocyte count was 
normal His \\asscrnnnn svas strongly posiuie 

He was gnen morphine with some rehel Local heat and tleaauon 
of die foot of his bed made him slightly more comfortable Howeier a 
blood pressure reading was nc\cr obtained His extremities remained 
cold his cyanosis increased and he had frequent extrasystoles Pain con 
tinned but with much less seseniy He developed a gallop rhythm Tlie 
abdominal spasticity dtniinislied and within 12 hours after admission 
he died 

At autopsy the ascending aorta and the aortic arch avere diffusely 
dilated Two centimeters abose the beginning of Uie aorta there a 
bulging of the aorta approximately 1 cm m diameter and 1 cm deep 
At the up of this aneurysm there was a small jierforation from which 
blood had escaped into the |K;ricardiaI sac. The heart was of normal size 
The coronary icssels were slightly atheromatous There was a slight 
thickening about the ostia of the coronary arteries Tlie aortic lahcs 
were normal and corapcicnt The aorta showed a diffuse syphilitic 
aortitis for a distance of 5 cm from its beginning to a short distance 
beyond the left subclasian artery 
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The follouing record illusintc5 the effect of ^n iJic«r)Sfn ongiintni" 
in the sinus of ‘'i'^aJsaha nhich pressed on the pulinonarj artery and 
almost completelj occlncled tt 

A colored imlc laborer 32 >ears of ngc vvis ailmjitcd to the Jiospiul 
Mirclt 26 1932 \\ith the complaint of short breath pain iroimd heart 
tNcahncss and swelling all o\cr He had been quite well cvcepi for non 
disabling paljntaiion of the heart induced b> exercise wlmh he hid 
had for the past two )cars He cknied stphihs but had had gonorrhea 
sesen or eight ^cars pre\io«sly In January 1932 while walking to his 
work he was forced to stop and rest for a short time hccausc of shortness 
of breath After resting he tominucd to his place of business and had no 
more discomfort until the same night svlicn he was quite dyspneic on 
lying down From this time he suffered e\en at rest with dyspnea and 
paroxysmal attacks of sescre dyspnea in whicli he would go to the 
wnndow for air w ith this he began to have pam in the left chest and under 
the sternum atul he frctjucmly had a burning sensation all oscr the left 
(best Three weeks before admission to the hospital lie lint noticed swell 
mg of his lower c\trcmiucs winch had gradnalh increased and within i 
few days ituoUcd ilic cntiic hods There was no history of tonsilliiis 
cliorea or rhcumaiic fc\cr 

Pliysical examination resealed a well <levelo|>cd markedly edematous 
male negro piopped up tn bctl m great respiratory distress Icmperaiure 
was 37 1® C (98 3® P) respirations 30 blooil pressure 110 ssslohc 
20 diastolic in both arms There was marked dilatation of the neck scins 
and marked sisiblc pulsation of the carotid arteries Edema of the enure 
body was most sinking There was impairment of resonance with nnm 
crous line riles at Iioili lung bases //mrf— the enure prccordium was 
thnist foiavard svuli each systole The point of greatest impulse was in the 
sixth interspace 12 0 an to the left of the midline The |>crCTiss«l area 
of heart ehillncss was markedly increased to the left also to the right 
measuring 5 0 an from the mtdlmc in the fonrih nglit interspace At 
the apex and oicr the pulmonic area there was a dcrimit sistohc ihnH 
On ausaiJtation at the apex ihcrc svas a aery loud systolic niunmir winch 
increased in intcnsits and was loudest ostx the pulm >nic arc t a diasiohr 
miinnnr was heard loudest it the aortic area hut both imirimm wcic 
easily licard over the enure prccordium Ihc pulse was regular equal 
Corrigan m in pc Tiic liver was cnlargctl extending 8 0 cm below the 
costal maigni there was no free abdominal lltiul The iNassennann was 
positive The patient died the second tlav after ailinission \t aiitnpsv 
there was an aneurysm originating near the sinus of \jhal\a ]>ressin„ 
against the pulmonary artery almost cinnjiletclv occluding u \long wuli 
this there was i svphihuc aortitis and invohinicnl of the annic valve 
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ANEURYSM OP THE AORTIC ARCH 

It IS di/ficult clinicilly lo ah\a)s sepimte aneurysmal dilatauons of 
the aortic arch into those m\olving the ascending the transverse and the 
descending portions only occasionally are these dilatations localized to 
one portion and very hequentiy more dim one portion is imohed in 
the process 

Symptoms and Physical Signs These depend on the point of origin 
of tlic ancmysin as v\ell as on its size and the direction in vs Inch it grows 
Some aneurysms give no s}mptoms whatsoever while others cause a great 
deal of distress 

Pfiui Is the commonest complaint which varies in its intensity 
seventy and location In the beginning it is a mild but more or less 
constant discomfort which is not increased by exercise or excitement but 
which ma) be aggravated b) change of position It is frequently referred 
to the anterior chest wall to the ncch or to the back and occasionally 
the arm It does not come in paroxysms but is described as neuralgic in 
type and rarely is it subsiernal This neuralgic type of pam is fre 
qucntly followed later iii the course of the disease by a constant severe 
boring pain winch causes the gieatest discomfort This type is associated 
wiili destruction and erosion of bone and is difnctilt to relieve even with 
large doses of opiates The mtlder type of pain is associated with pressure 
on the nerve roots ^Vith nipiure there is most intense pain associated 
with shock 

Cough Perhaps the next symptom most frequently noticed is a cougli 
which is nonproductive and frequently only an irritative hack As pres- 
sure on the trachea or a bronclnis incieases sufTiciently to cause obstruc 
lion the cough increases m intensity and is accompanied by tlie expectora 
tion at first of a thin miicws later as stenosis increases the discharge 
changes to a purulent exudate or the expectoration may be bloody 
There is very frequently a peculiar sound referred to as a goose cough 
which IS associated with paralysis of die left vocal coid 

Shortness of Breath This is usually the result either of displacement 
of the lung m the thoracic cage by the large tumor mass or of pressure on 
the trachea or the bronchi 

Hoarseness This usually CKXUis when there is enlargement of the 
aortic arcli causing paralysis of the left recurrent laryngeal nerve 



a\RDIOVASCUlAR SYPHILIS 155 

Dysphagia: This is not a common sjinptom and it is usually due to 
pTcssiiie of the aneurism on the esophagus or is associated s\ith paral)sis 
of the left recurrent br)ngeal ner\e 

Physical Signs: The ph>sical signs elicited in a patient with an 
aneurism of the aorta will depend on the location and size of the dilata 
tion. Those commonlj obsened are as follows: 

luspection. Inequality of the pupils is frequently observed, which is 
due either to irritation or paralysis of the syTupaihetic nerves or to invohe- 
ment of the central nervous system Engorgement of the veins of the 
neck, arm, or chest, due to pressure of the tumor on the superior vena 
cava, is sometimes found. Pulsation of the chest wall occurring most com 
monly in the first and second right interspaces, occasionally on the left 
side and in the back may be seen At times the tumor erodes the ribs or 
the sternum and may be seen as a large pulsating mass extending 5 or 6 
cm. above the chest wall and covered only by a tightly stretched glisten 
ing skin. 

Palpalion: Deviation of the tracliea from the midbne and demonstra 
tion of a tracheal tug is of much importance. Inequality of tlic radial 
pulses and a marked difference in the systolic blood pressure in each arm is 
of importance. The expansile character of the pulsation is best determined 
fay placing one hand over tlie suspected area and die other iiand at an 
opposite point in the back. This sign will vary according to the thickness 
of the clot vs Inch fills the sac. A systolic thrill is frequently palpable over 
the pulsating mass and the shock of the second sound may be felt. 

Percussion; The heart is of normal size unless the aneurysm is accom 
panied by aordc incompetency, or it may be displaced downu'ard and to 
die /eft by die tumor mass There is increased retromamibrial daliness 
and in aneurysms of the ascending norta this dullness extends furdicr to 
the right of the sternum In aneurysms of die descending aorta, if the 
tumor is near the chest vs all, definite impairment of the percussion note 
can be discovered on the left and if near the spine, posteriorly in the 
interscapular space. 

Auscullalhn: This piocetlure generally is of very little v'ahie; one 
may hear a systolic munnur over the tumor if the laminated clot in the 
aneui-ysm is not too dense. Should aortic insufliciency' be present, the 
usual signs of this are discovered. It should be remembered, howev'er. 
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that pressure oE the aneur>sm rvill occasional!) produce the signs of aortic 
tncompetenc) rvithout insoltement of the vaUe 

\ rather t)pical patient is die folloswng A colored male married 
aged 28 uas admitted to the hospital May IS 193a complaining ol pain 
m left clicsi and slionness of breath He Mas perfcctl) mcU until ihc 
summer of 1931 uhen he contracted a cold uhicli left him with pain in 
his upper left chest lus iip|>cr left back and his left sliouldcr ShortI) 
after this he became hoarse About December 1 1931 he was awakened 
at night with a tcry seterc sharp pain in the left interscapular region and 
left shoulder which caused him to sit up m bed and breathe shallow 
until the pain subsided After the onset of tins pam similar attacks 
ocairred increasing in frequency and setent) until January I93a when 
he first expectorated a yellouish thick sputum tinged with blood After 
this his cough improted somewhat but he tlicn began to suffer wuli 
shortness of breath so tliat he could not sleep at night unless he lay on 
two pillows He continued at bis work of delucnng ice until April 1 
193o when he was forced to quit because of pam cough and shortness of 
breath He had pneumonia m 1929 syphilis in 19^8 without treatment 
and gonorrhea in 1930 

Physical examination rescaled a well-dcxclopcd and well nounslictl 
negro propped up in bed in no great distress The left pupil w'as larger 
than the right both reacted There was a distinct tracheal tug and 
paral)sis of tlie left socal oird The respiratory mosement of the chest 
W'as defimtel) limited on the left side The upper left cliest was flat on 
percussion and the breath sounds and spoken \oice sounds were almost 
absent Tlic right lung was apparcntl) normal Tliere was a distinct 
MSible and palpable expansile pulsation o\er the upper manubrium and 
in (lie suprasternal notch sviih marked increase in (he rctromanubrial 
dullness to the right and left sides The heart was apparentl) normal in 
size At the apex there was a soft systolic murmur followed b} a loud 
rumbling diastolic murmur svliich svas heard less disiinctl) at the base 
The pulses were equal TTie systolic pressure was 110 the diastolic 78 mm 
of mercury in both arms The patient remained in the hospnal at rest m 
bed and showed slight improscment On June 13 he had a hard 
paroxysm of coughing expectorated a large amount of blood and died 
rather quickly 

At necropsy tlie ssholc upper mediastinum was filled sMih a large 
aneurysmal sac extending to the left and backward eroding the first and 
second thoracic senebrac pressing on the trachea and completely 
ohsinicting the left bronchus Rupture of the aneurysm ocairred into 
the left brondius The enure iboraac aorta was insolsed there wxrc 
three aneurysms One of die ascending arcli one of the arch and il c 
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other of the descending arcfi Microscopical examination showed the 
pathological picture of syphilitic aortitis 

ANEURYSM OF THE ABDOMINAL AORTA 
Tins IS the rarest type of aortic aneurysm it usually occurs near the 
celiac axis and causes most of its symptoms from pressure usually on the 
spinal nerves or by erosion of the vertebrae or by pressure on neighboring 
structures Pam is usually of the same type and character as is observed 
m aneurysms of the thoracic aorta The diagnosis is made quite difTiculi 
at limes unless a definite expansile pulsating mass is felt, differing ol 
course from the normal, pulsating aorta seen so frequently m tlnn 
neurotic persons Examination of the patient in the knee elbow position 
is of great value Tlie intraperitoneal injection of oyxgen followed by 
fluoroscopic examination is occasionally necessary ii> establish a correct 
diagnosis 

Termination* Most aoitic aneurysms terminate in uipturc In our 
experience and that of most observeis, rupture occurs most frequently 
in the following order Into the pericardium pleural cavity trachea 
and bronchi, esopliagus, and then into various other structures Rtip 
ture IS usually sudden and death occurs within a feu minutes or a few 
hours Occasionally there will be a slow leak into the posterior inedi 
astinal structures, which causes most intense pain and shock ^Vhen 
aortic incompetency complicates an aneurysm these paucins usually die 
with congestive heart failure 

SYPHILITIC MYOCARDITIS 

In the subacute in/laninnror> IcsionsocciirTingchicfly in tJie ventricles 
there are few or no symptoms Death usually occurs suddenly Very 
rarely, however, one may see a patient witli an extensive lesion who lives 
for a few hours and who presents unusual syanptonis with few physical 
signs One such patient has been seen by one of us 

A colored male laborer, 52 years old was admitted to ihc hospital 
November 20 with a chief complaint of shortness of breath fluiiering 
and burning over the heart He vsas quite vsell and v'as working as a 
concrete mixer until tlie morning of his admission On lus v\ay to work 
he suddenly feU three or four exaggerated heart beais he l>ccame quiic 
dizry. fell unconsaoui in the street, and was at once brought to Uic hos 
pital Shortly after admission he regained consaousness anil then com 
plained of a marked burning sensation in his cliest vviih sharp pam over 
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the lotter stenial border radnting to the left side His d)sjnica vas not 
\ery marked Phjsinl examination rctealcd a ucll-detelopcd and \\cll 
nourished male negro, lying flat in bed, in no great distress He uas 
consaous and rational The respirations ucre 30 to the mintue and 
chiefly abdominal The lungs tvere clear The cardiac impulse tsas felt 
in the fifth intercostal space 115 cm to the left of the midline The 
heart sounds were distant, dear, \cr) rapid and grossly irregular Dunng 
a period of obsersaiion of 10 or 15 seconds the heart rate xsould reach 
ICO to 180 per minute to be followed b) a \er) slots rate, 30 to 10 per 
minute There t\as a marked pulse deficit tsith tlie rapid rate Tins 
change in rhythm lasted dunng the patients sta) m the hospital On the 
second da> after admission he suddenly complained of ‘ feeling like he 
was on fire inside around his heart His respirations increased in rate 
and depth, his pulse became scry rapid, he raised uj) in bed, and fell 
o\er dead 

At autopsy the heart weighed CIO Gm The left senincle was 
thickened and contained numerous round irregular transparent areas 
from 2 to C ram m diameter iliat frequently coalesced The aorta showed 
the usual picture of syphilitic aortitis svith narrowing of tlie ostia of the 
coronaries without aortic incompetcncy Microscopically the heart muscle 
in the imoUed areas was completely replaced by lymphocytes, plasma 
cells, and polymorphonuclear lyanphocytes 

Chrome imoltenient of the myocardium gi\es\er> few symptoms and 
physical signs to suggest us presence Those most commonly obserted 
are slight chest pain, usually burning m character, increasing or noticeable 
shortness of breath on mild exertion, palpitation of tlie heart easily pro 
\oked by exercise, and, the most xahiable of all. cardiac irregularities 
Norris in reviewing our cases of proved myocardial syphilis was impressed 
by the variable types of irregularity As the disease progresses, the final 
picture is that of congestive lieart failure without hypertension and 
usually without Iieart murmurs, which is unimproved by bed rest or 
other therapeutic measvires 

Many authors have described cases of cardiac arrhytiimia due to 
cardiovascular syphilis A few cases of transient auncular fibrillations 
have been observed m our senes, occasionally extra systoles, but gen 
eraliy speaking the presence of cardiac arrhytiimia is a point against the 
diagnosis of syphilitic heart disease in the absence of syphilitic myo 
carditis Bundle branch block may result from an isolated gumma involv 
mg the conduction system 
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With cardio\ascul'ii s^pluhs there is in about 50 per cent of patients 
some involvement of the central nervous system This perhaps is not a 
complication, but a concomitant disease 

OCCLUSION OF THE CORONARY ARTERY 

This complication of sypliilitic aortitis occurs rather frequently, but 
very rarely is the occlusion complete The pathological process is confined 
to the ostia of the arteries and \er) rarely are changes found beyond tins 
point This lesion is of importance since it may lead to congestive heart 
failure 111 the absence of other evidence of cardiovascular syphilis 

The outstanding symptom of this condition is pain, aggravated by 
emotion or exertion, occurring beneath the manubrium and radiating to 
the arm, the neck or jaw, and occasionally to the back, resembling m all 
respects attacks of angina pectoris The attacks of pain may be mild or 
quite severe Shortness of breath or paroxysmal dyspnea is another com 
plaint frequently observed 

There are few or no physical signs The lesion is frequently accom 
panied by aortic insufficiency The electrocardiogram shows nothing of 
diagnostic importance otlier than those changes usually observed in 
myocardial ischemia Sadden death is not unusual 

DIAGNOSIS 

To make a diagnosis of cardiovascular syphilis it is important to be 
suspicious of Its piesence in every individual who gives a history of having 
had syphilis or who has a positive Wassermann It is admittedly impos 
sibie to detect by any means at our command the early lesions of this 
disease When symptoms and physical signs are present, a sufficient 
amount of damage has already been done to the involved .aorta to pre 
dude tile possibility of cure Since it has been definitely demonstrated 
that involvement of the aorta may occur early, within a year of the 
primary lesion, it behooves us to remember that there are acute as well 
as latent manifestations of cardiovascular syphilis With these ideas in 
mind the safest course for pbysiaans 10 Follow with their patients is to 
make .a probable diagnosis of cardiovascular syphilis until it can be proved 
that they do not have the disease. 

Uncomplicated syphilitic aortitis is not always an easy diagnosis to 
make It can be made much more frequently if the examiner will take a 
detailed history and look carefully for the symptoms and physical signs 
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previously described The diagnosis must not be dismissed as improbable 
because of a negative IVasserminn since such a reaction lull occur in .at 
least 20 to 25 per cent of the cases The age of the patient, die absence of 
hypertension, and a negative Instoiy of rheumatic fever are of great help 
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5. Progressive cardiac failure. 

6. Substemal pain. 

7. Paroxysmal d)spnca. 

8. Pulsaiion in the episicrnal notcli and a rough, harsh, s)'Stolic murmur 

at the aortic area. 

He is of the opinion that “any patient tviili knorvn late syphilis and 
u'itliout evidence of mitral disease (svjiethcr or not the blood 'Wasser- 
mann is posiiise) , tJie presence of any tlircc of these criteria from i to 7 is 
strong evidence for the diagnosis of uncomplicated aortitis and that the 
presence of any tn o of them renders the diagnosis probable." 

Other infectious diseases such as rheumatic fes er, ts plioid fc\ cr. pneu- 
monia, and influenza may cause an aortitis, htit these complications occur 
so rarely that they are of little importance. 

Hypertension rviih arteriosclerosis may cause some confusion, it is 
well known that in some patients with marked hypcitcnsion there may 
be a distinct stretching or slight elongation of the aorta with an increase 
In the size of the aortic knob. This disease usually occurs at a later period 
in life and the history, piiysical examination, and the roentgen lay arc 
of help in differentiation. It sliould be borne in mind that while there 
is no e\idence that syphilis causes hypertension or arteriosclerosis, there 
is no reason svhy a patient with syphilis might not develop arteriosclerosis. 
It is not an uncommon finding at autopsy to see latent syphilis of ilic 
aorta complicated by the presence of many atheromatous plaques. 

Aortic InsufEciency : This commonest complication of svphihtic 
aortitis is usually the one about which there is most doubt as to its cause, 
Is die lesion due to syphilis, rlieumaiic fever, or atheroma of the aorta? 
If tlie lesion is one of pure aortic incompciency , the chances are that it is 
caused by syphilis, particularly if it is discovered in a patient over 30 years 
of .age (younger in the negro). In rlieumaiic fever tlie beau lesion is 
discovcicd much earlier in life. Aortic incoinpcicncy due to atheromatous 
clianges in the aorta (Kcurs late in life and such changes are usually pan 
of a generalized arteriosclerotic process. Sypliiliiic aortic insufTicicnq- is 
a rapidly progressive chronic complication which produces congestive 
heart failine in a much shorter period of time than that caused by any 
otlicr condition. 

11 
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Aneurysm* This comphcaaon Crequentl) offers difUcuU) in diag 
nosis As has been indicated small aneurisms originating in or neir the 
sinuses of Valsalva escape recognition Larger dilatations of the ascend 
ing transverse, and descending aorta occasional!) offer problems for 
diagnosis, particular!) if tlie aneiirjsmal sac is filled with a thickened clot 
whicli prevents pulsation Fluoroscopic examination of the chest will 
frequentl) settle the difficult) although at times there mav be a trans 
mitted pulsation from the aorta to an intrathoracic tumor 

Bronchiogenic carcinoma ^anphogranuloma and dermoid c)sis fre 
quentl) offer difficulties in that the) give pressure s)mptoms and signs 
not unlike those of aneurism A careful hisior) and pli)sical examination 
will frequeiulv clear the diatmosis 
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TREATMENT OF CARDIOVASCULAR SYPHILIS 

By John H, Stokes, M.D., and Leonard E. Anderson, M.D. 

Historical Note: Syphilis had been recognized as a cause of cardio- 
lascular disease in the sixteenth century, but it was not accorded due 
prominence as an important etiologic agent in affections of the heart 
and blood \essels until the second half of the nineteenth century. As was 
to be expected, die most obvious form of cardiovascular syphilis, i.e 
aortic aneurysm, tvas the first to attract attention. 

Although aneurysm of die external arteries iv’as described in antiquity 
by Galen, it was Andreas Vesaliusi (1514 1564) uho in the sixteenth cem 
tury first recognized aneury’sm of the aorta without mentioning, howeier, 
its association witli syphilis Ambroise Par^- (1510)550), one of the 
contemporaries of Vesahus, first suggested this reladonship, but appeared 
uncertam whethei tfie syphilis itself or the accompanying mercurial 
cachexia was the responsible fcictor. The distinguished Roman physici.nn, 
Gioianni Rfaria Lancisi 3 (1651 1720), w’as conxinced by his anatomic 
studies that syphilis played the etiologic role and referred to venereal 
aneurysms ("aneurysma gallicum") in his superb monograph published 
posthumously. 

Among the WTiters of the eighteenth century, ^^o^gagn^ made numer- 
ous and important contributions to the literature of the subject, but for 
die next three qu.irters of a century nothing was added, and the earlier 
teachings seemed practically foigotten. Tlic modern slews on cardio- 
\ascular syphilis date from die latter half of the nineteenth century widi 
the appearance of the studies of Helmstcder.-i Welch , 5 Heiberg, « Afalm 
sten.T and Dohle,® and others from Heller’s pathologic institute in Kiel 
The importance and prcsaicncc of cardios-ascular syphilis is today a well 
established fact and it is hnown to account for from a sixth to a quarter 
of all deaths from cardiovascular diseases in adiills.o 

( 164 ) 
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FUNDAMENTAL PRINCIPLES 

The fact thit s)phihs of the heart and great vessels is thought of Jess 
as s)philis than as heart disease is the source of many blunders in treat 
nient It is therefore necessary at the outset to recall certain funda 
mental principles of the treatment of syphilis as i disease which govern 
the treatment of syphilis as applied to its lesions m the cardiovaiscular 
system First let it be recalled that syphilis contributes unfavorably to 
practically all pathologic processes and accordingly treatment for syphilis 
IS indicated m cardiovascular disease whether ilie syphilis seems causative 
or merely coincidental The weight of this dictum in pulmonary disease 
IS gradually achieving recognition and in time equal importance will be 
attached to it even in die management of the decompensated heart in 
which the clinician too often ignores the syphilis while lie prescribes rest 
sedatives and digitalis The possible failure of such general measures to 
restore a heart until appropriate treatment for the syphilitic infection has 
been instituted is demonstrable i® 

Tlie second therapeutic consideration vitally significant in treating 
cardiovaiscular syphilis is that of therapeutic shock Fast acting treatment 
for syphilis such as is afforded by the arsphenammes and bismuth 
especially m large doses gives rise to focal flare ups of the syphilitic 
process If such flare ups with accompanying edema occur in a partially 
occluded coronary artery a weakened vessel wall or an infiltrated 
myocardium or conduction mechanism the gravest results may follow the 
first or even the first several treatments with die shock producing drug 
Accordingly it may be accepted as axiomatic that flare ups at active foci 
in the affected tissues in syphilitic cardiovascular disease must be care 
fully prevented by a ciioice of slower acting nonshock producing drugs 
as preparation for any more iniensive subsequent treatment and by a 
reduced initial dosage whatever die preparation used 

The third consideration concerns the induction of so-called thcrapeu 
tic paradox By this term is meant the exaggeration of symptoms and the 
not infrequent unfavorable outcome which follows the rapid and fibroiic 
type of healing induced especially by die arsphenammes It is a notable 
fact that rapid symptomatic response in syphilitic cardiovascular disease 
may be positively dangerous and that a patient who is up and about or 
returned to work m six weeks may be quite unnecessarily dead in six 
months as a result of his therapeutic miracle The making of haste slow ly 
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by selection ol methods which 'i\oid rapid mjocardial and coronarj 
fibrosis IS a fundamental principle in the minagement of S)philitic heart 
disease 

A fourtli group of considerations m cardiovascular treatment as 
applied to syphilis is preventii/e in nature The impossibility of making 
accurate diagnoses of incipient syphilitic cardiovascular disease justifies a 
wider and more intelligent use of the therapeutic test in young persons 
presenting togetlier with presumptive evidence of syphilis the earliest 
suggestive indications of aortic disease At this period in the hfe history 
of a syphilitic heart or aorta the comparatively greater myocardial reserve 
the presumed better condition of the coronary vessels and the better 
general tolerance of treatment by the patient provide a priceless oppor 
tuiiity for arresting an unknown proportion of syphilitic cardiovasciilii 
disease in its beginnings It is the duty of the sy philologist therefore to 
urge upon those who see and study heart as such a greater willingness 
to perforin therapeutic tests for syphilis on early aortic lesions even 
though as IS w ell know n to be the case in syphilitic cardiov ascular disease 
the blood serologic test may be negative It is an indubitable fact that 
serologic tests may be negative and yet the lesion be syphilitic and resjwnd 
to treatment 

In line with the principle of therapeutic pandox there may be noted 
in the response of a syphilitic aoific lesion the so called paradoxical 
exaggeration of signs with improvement of the patients condition lor 
example a diastolic muriiuir and transient slight dilatation with edemv 
and dyspnea followed by hypertrophy and restoration of compensation 
may result from the initiation of treatment m a patient who at the outset 
presented only a systolic murimir in the aortic distribution This para 
doxical healing effect is not to be interpreted as a treatment failure but 
probably as a treatment success 

THE APPRAISAL 

The first step to precede all treatment for syphilis of the cardio- 
vascular system must be an appraisal of the patients condition and 
resources mental physical maicnal The weak spots in the treatment 
of caitliov ascular syphilis are the myocardium and the coronaries They 
more than any other structures limit the choice of treatment agents and 
affect the prognosis In appraising the myocardial situation electro- 
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cardjographic studies ire essential in addition to the experienced appmsal 
of the functional cipicits of the heart muscle There is no such thing as 
a distinctne syphilitic electrocardiogram but there is important infornn 
tion to be gained as to the status of the syphilitic patient s heart from this 
examination Patients avith imerted T nates in Lead I and with mark 
ediy aberrant Q R S complexes are apt to be hastened to their death by 
the arsphenamines Prolongation of life and avoidance of discredit for 
antisyphihtic treatment as applied to the cardiovascular system would 
follovs the use of the slower acting drugs by nonintensive methods in 
such cases 

Patients with syphilitic cardiovascular disease who present anginoid 
symptoms are particularly candidates for careful study before treatmeni 
is begun AMiile they may tespond quickly by relief of pain and tern 
porarily increased exercise tolerance too often the early use of an 
arsphenamine or even bismuth in such cases is followed by a return of 
obstinate and intractable angina accompanied by increasing myocardial 
insufficiency and comparatively early invalidism and death Therapeutic 
shock IS pariicuJarly serious in these patients and often quite unpre 
dictable for autopsy often sliows a degree of coronary obliteration out of 
all proportion to that anticipated from the symptomatology It follows 
therefore that the detection of evidence of coronary disease is a signal 
for avoiding therapeutic shock *and paradox by resorting to a long and 
cautious preparation vsiih iodide and mercury or by exlTcmely smnll 
doses of the arsphenamines or bismuth if they are employed at the outset 
at all 

The tissue leserve of the syphilitic cardiovascular patient must be 
carefully appraised Here age vvhile not infallible may be a helpful 
guide The patient who finally in his fifties goes to the vnbU with a decom 
pensated syphilitic heart has very little recuperative pov\er Much less 
can be expected of him in the way of treatment response than of tlic 
younger patient whose aortic munnur and evidence of syphilis is tliscov 
ered while his heart muscle is perhaps still fai from exhaustion The 
therapeutic vsind then should be tempered to the shorn lamb 

Closely related to the foregoing consideration is the appraisal of the 
patients probable tolerance of treatment and tite older of importance of 
Ills syanptoms The patient in whose cardiac syndrome there is a marked 
element of renal insufficiency will tolerate a properly selected arsphena 
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raercur) together AMih an iodide The technic of this procedure is con 
sidered under mercury and bismuth Original arsphenamine (606) 
ivhile the most poaseiful and effective of all antisyphihtic drugs is usable 
only in the preventive phase of cardiovascular disease when only the 
earliest signs have appeared Invaluable though it is the technic of its 
administration is too difhcult for the average practitioner The dumping 
of too much hypotonic fluid into the circulation and the tendency to 
vascular reactions such as the mtritoid crisis and to gastrointestinal 
reactions is too great to make it safe for the advanced case Neoarsphena 
mine is therefore the preferred drug and if tlie maximum dosage of 
03 to 045 Gm (5 to 7 grams) be only rarely exceeded even in adult 
males and the initial two or three doses kept between o and o i Gm 
(54 *0 It gives most of die good effects to be expected of an 

arsphenamine especially wJien suitably combined with bismuth 

Sulfarsphenamine has the distinct advantage of being usable intramus 
cularly (there is no excuse for its intravenous use) and hence of being 
available in the occasional technically difficiih case as well as being some 
what freer from therapeutic shock effects Tins drug however has been 
responsible for a number of cases of hemorrhagic purpura and the inci 
dence of exfohauve dermatitis is much higher than for other arsphena 
mines For this reason the drug should not be used at all 

^fapharsen or arsenovide recently added to the available arsenicals 
appears to be Vvell tolerated and effective so far as the time av’ailable tlius 
far permits of judgment It should be used with the same indications 
and contrundications as neoarsphenamine in a dosage range from 
5 to 40 and occasionally as high as 60 mg once a week 

Bismuth arsphenamine sulfonate while also responsible for some 
hemorrhagic complications {as with all the snlfoxylaie arsphemmines) 
is in general quite free from complications and in ten years use has 
impressed the wTiters as one of the most eligible of all the group for die 
treatment of all but the earliest cases of cardiov asailar syphilis Tlve fact 
that It IS a diemical combination with bismuth simplifies treatment 
while enhancing the effect anddomgavvav with the necessity for prepara 
non w ith mercury and iodide 

The follov ing results secured with bismarsenii may be taken as 
fairly typical of good cardiovascular results in favorable cases as secured 
by the more complicated methods involving preparation with heav'y 



170 


CARDJO\ASCULAR DISEASE 


metals The Wassermann reaction when positive at the start becomes 
negative after 15 to 30 weeks of treatment in about half the cases Of 

14 cases observed from two to three years early marked improvement was 
obtained in 71 per cent and this improvement persisted in 64 per cent 
indicating a low incidence of therapeutic paradov in which the improve 
tnent would be high at the start but low after a period of observation 
Of individual symptoms in 30 cases 15 treated by bismarsen alone and 

15 by other aisphenamines with heavy metals both technics being equally 
effective 100 per cent were relieved of pim 50 to 75 per cent of dyspnea 
65 to 100 per cent of cough practically loo per cent of edema and nearly 
all of palpitation Two of four decompensated cases were returned to 
full work 

Of iG completely examined patients four developed the paradoxical 
slight accentuation of signs with improvement in condition spoken of 
already as an evidence of healing effect Results such as these should be 
obtainable by any careful technic combining heavy metal preparation 
and an arsphenamine applied to cases selected for the comparatively good 
condition of their myocarduims and coronary vessels That they can be 
obtained by bismuth arsphenamine sulfonate alone is of course an argu 
ment in favor of this drug Bismuth arsphenamine sulfonate when thus 
employed should he given in an unbroken senes of from 40 to 80 intra 
musculai injections the fust ten of which are at three to five day inter 
vals the later injections five to seven days The initial dose is 00^5 Gm 

gram) intramuscularly increasing gradually to o 1 Gm (ingrains) 
in 10 to 20 injections 

The remaining injections aie increased quickly to o 2 Gm (3 grains) 
the full adult dose which is then continued throughout the remainder 
of tlie series There seems to be no hniil to the tolerance of the drug in 
all but occasional patients and the tonic effect is marked 

The action of the heavy metals especially that of mercury is both 
slower in rate and different m charactei from that of an arsphenamine 
Mercury in particular practically never gives rise to significant therapeu 
tic shock effects for its action on the disease is slow and indirect by way 
of the cellular defense mechanism It does not therefore constitute 
adequate treatment for early uncomplicated syphilitic aortitis in which 
there is hope for arrest of the process Mercury by mouth m particular 
IS only allowable in the late cardiovascular wreck whose myocardial and 



TREATArENT OF CARDIOVASCULAR S\PHILIS 171 

coronar} invohement is such tint nothing more effecti\e can be tolerated 
or as interim rest treatment m patients receiving courses of more intensive 
treatment Mercury by inunction is a satisfactory metliod for adminis 
tratjon of the drug either alone or as a preparauon £oi later arsphena 
mine treatment Among the disadvantages of mercury must be included 
a certain amount of depressant and hemolytic effect especially serious m 
anemic patients The bed patient probably gets the best effect from it 
Clinicians too often forget that the inunction is a very slou method 
of putting a patient under antisyphihtic medication and that it scarcely 
begins to take effect vvithin two or three weeks after it is begun Accord 
ingly some weeks or even several months of inunctions may be needed 
for an adequate preparation for either bismuth or the arsphenamines 
used intensively to produce a curative effect For this reason paiticu 
larly in the decompensated syphilitic heart the use of a soluble mercurial 
salt intramuscularly is much more effective than the inunction After 
digitalis and general measures have failed the writers have known 
0 01 Gm (Yq grain) of succinimide of mercury, daily, or 0016 Gm 
(V4 intramuscularly on alternate days to produce a rapid 

improvement The insoluble salts of mercury given iniramuscularly have 
lost ground since die advent of bismuth and need rarely be used 

Tliough bismudi cannot yet be considered completely evaluated its 
use in the treatment of cardiovascular syphilis is being extended The 
drug IS more rapid in action and more shock producing than mercury 
and less so than the arsphenanunes Many cardiovascular cases will 
undoubtedly tolerate it m full therapeutic dosage from the start but the 
WTiters have witnessed a few fatalities following its employment in cises 
m which shock might ocair and have also witnessed decompensation 
develop during its use in ambulant cases apparently without other 
explanation Tliey believe therefore that except in those patients 
obviously able to cany a full treatment regime from the start as in early 
syphilitic aortitis great caution in the dosage is essential if the morbidity 
and mortality are to be kept at the lowest possible figure Not more than 
0 02iy Gm (i/g gram) of a preparation averaging 50 to 60 per cent metallic 
bismuth should be given in the first Iialf-doren injections 

Insoluble bismuth salts should be given at four to sev en day imerv-als 
soluble salts two to four times a week Bismuth makes an excellent com 
bmation with arsphenamme therapy and greatly enhances the effect of 
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neonrsphenamine uithout increasing toxic effects Neoarsphenamine 
o 3 to o 45 Gm (5 to 7 gnms) intravenously can be given simultaneously 
with 01 Gm {w/o grains) intramuscularly of a preparation 50 to 60 
per cent metallic bismuth such as the tartrobismuthate of potassium 01 
bismuth subsalicylate to any patient whose condition is such tliat he can 
carry tlie neoarsphenamine alone The combination of bismuth and an 
arsphenamme in bismarsen as already described is accordingly a highly 
rational one 

\ either bismuth nor mercury m any form should be given intra 
vcnously to jiatients with cardiovascular disease The toxic dose is too 
near die therapeutically effective dose by this route and die need 
for time saving can be met satisfoctonly by the use of a soluble salt 
intramuscularly 

The iodides liave great value in all forms of cardiovascular syphilis 
If long range constitutional effects are sought doses of o 3 to o 6 Gm 
(5 to 10 grains) of sodium or potassium iodide three times a day may 
be employed for the resolution of periaortitis however and in vascular 
syphilis of the brain and cord much larger doses ranging from 2 to C j 
Gm (30 to 100 grams) of the drug two or three times daily are desirable 
The digestive disturbance coryra and rash are rarely disturbing factors 
if the drug is given just before meals in water not mxlk, in a concentn 
non of 240 cc (8 ounces) of wnier to each 3 3 Gm (50 grains) or less 
and if the larger doses are begun from the oiiiset and not reached byway 
of a mmuie initial dose and subsequent o o6j Gm (1 gram) accretions 
There is no object whatever m giving the patient with cardiovascular 
syphilis sodium iodide intravenously Tlie organic iodine preparations 
such as siomine and Iipoiodme may occasionally be better tolerated than 
sodium and potassium iodide and a certain amount of iodine effect may 
be obtained from preparations containing quinine lodobismuthate The 
waiters have seen no clinical evidence of the increased toxicity of potas 
Slum as compared witli sodium iodide in syphilitic cardiovascular disease 

general treatment measures 

It is of course as important to emphasize to the practitioner and the 
sy philologist that tlie syphilitic witli a heart complication must be man 
aged as a heart case as to remind the cardiologist and internist tliat the 
syphilitic cardiovascular patient has syphihs The digitalization and the 
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management of decompensation of the s)philitic lieart should be supei- 
Msed by one familiar iMth the general pnnciples Rest should not onl) 
be employed in the ad\ anted case, but it should be made a\ailable, or 
activity should at least be curtailed m the patient ivith aortitis luth 
saUular imoUement uhile the adjustments in heart load, due to shrink- 
age of healing lahes are taking place This is usually during the first 
SIX iseeks to three months of treatment 

The great importance of miegriiv of the aortic valse m the future of 
the patient is \ery apparent in comparing the bebasior under treatment 
of aneurjsm and aoilic r^urgitation Too much care cannot be taken 
to insure a slow healing process as compared with a rapid fibrosis and 
shrinkage with coronary orifice constriction To secure rest for the 
syphilitic heart is sometimes rcndeied difficult by the wreckage of the 
patient s morale on die famiJnl. social and stigma aspects of his condi 
tion Time spent, therefore, m ndfustnig the patient’s viewpoint may be 
as important as drug therapy Occupational therapy and progressue 
relaxationis are sery helpful There are no incompatibilities between 
the sedatives usuall) employed and any form of aniisyphihtic medication 
The tonic effect of arsenical treatment sometimes encourages undesirable 
gains in weight that must be watched 

Relief of pain in patients with repeated nugincf seizures sometimes 
becomes a critical matter, and tlie Jonesco operationsis i-t upon the cer 
\ical syanpathetic are, Uierefore, jusufied for the control of this particular 
phase of the problem There is no more ini eterafe relapser than the once 
decompensated aortic regurgitant patient, and preventive measures 
should be taken, if possible, before rather than after the first breach of 
compensation has developed It cannot be ovei emphasized that it is 
extremely important to avoid decompensation by every possible means 
Restriction of activity at the outset, even to the point of strict bed rest if 
necessary, permanent adjustments of the futuie mode of life of the 
patient, careful and adequate preparation before even semi intensive 
treatment is begun, and the assiduous avoidance of reaction producing 
drugs or dosages The importance of this is reemphasized by data of the 
Cooperative Clinical Group i'* which shows that of 281 patients with 
syphilitic aortic regurgitation or aneurysm, je per cent of those in whom 
congestive heart failure was present before treatment died, and their 
average duration of life vvas 30 months, only 2 j per cent of those in whom 
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licau failure was absent before treatment died, and their aterage bic 
duration was 47 months. In rvaterfogged cases, the diuretic effect of 
notasurol, saljTgan, and soluble bismuth salts, such as sodium bismuth 
tirtrate, ma) be kept in mind. 

SPECIAL CONSIDERATIONS 

1. Aortitis and Aneurysm: In a phase of s>pbilis in uhich llic kc>- 
note shonid be individunlizaiion, it is diflicult to projiGse a s)stcm of 
treatment. It is important, however, that treatment should be prolonged, 
extending through at least two )ears. It ma^ be suggested that even in a 
patient with competent valves and no aneurysmal dilatation, arspbena 
mine should not be used at the outset because of the |)ossibiliiy of unde- 
tectable coronary involvement being present. Treatment may be begun 
with 8 to 13 weeks of iodide by mouth, given simultaneously with 
mercury inunctions or mercury siiccinimide injections or bismuth, intra- 
muscularly, in small doses. This prcjiaratory treatment may be followed, 
without rest period, by lo to 12 injections of ncoarsphenaminc, suirting 
with 0.05 lo 01 Gm. to ii/4 grains) and increasing gradually to 
03 to 0.15 (5 7 depending somewhat on the condition 

and tolerance of the patient. Alternate courses of bismuth, 10 to 12 injec- 
tions, and neoarsphenaimne, 8 to 10 injections, may be employed over a 
prolonged period of time, depending on the tolerance and response. It is 
also possible to give the bismuili and neoarspbenamine sinniltanoously. .11 
weekly intervals, as above described. 

The iodide therapy .at the start ni.ay be continued for some time after 
the cessation of other ticalment, in periods of two months on and two off. 
In the patient with aneurysm or aortic regurgitation, treatment must he 
conservative and lends itself even less well to routinizaiion. If sufficient 
cardiac reserve cannot be established by the preparatory treatment, 11 
may not be possible to use an arsphcnaininc at all, except perhaps in the 
form of small doses of bismarsen. In young persons in gootl condition 
with uncomplicated aortitis, ncoarsplicnaminc should by all means be 
used in an ciTori to stop the progress of the process entirely. Th.ii tins 
arrest is by no means easy is evident from the fact tint jxnticnis m.iy in ilic 
first five years of .a syphilitic infection go on to ilic development of an 
aortitis in spite of and. in fact, during intensive antisypIiiHiic treaiincnt. 
MVii/c it IS drsiT/tble lo revcnc the blood Wa^sennmw reoriioti, eyj)cci(tlh 
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in the earlier cases, it is not justifiable to overlreat the patient in the 
effort to secure a negative. Much of the best judgment required of the 
physician in the management of Uiese patients is exercised, especially in 
their later years, in not doing too mudi. 

Lifelong obsen-ation is, of course, an absolute essential in all cases. 
The management of early aneurysm may be intensive after a period of 
careful preparation has insured the establishment of therapeutic effect 
without enlarging the lesion or weakening the vessel wall. An injudi- 
ciously treated aneurysm may rupture after the first arsphenamine treat- 
ment. Occasionally an aneurysm will reduce in size under treatment, but 
more often it enlarges, as the periaortitis resolves and comes to a stationary 
condition, in which it will remain for years without further change if the 
patient keeps his activities within bounds. During this period of stable 
equilibrium, treatment should be pushed to meet whatever syphilitic 
complications there may be and to try to stop the process in the vessel 
wall. Surgicii intervention and the wiring of aneurysms may be con 
sidered in rare cases of very large eroding sacs.i c 

The therapeutic test in suspected cardiovascular syphilis needs some 
qualifying conditions. Provoouive tests are theoretically rather risky and 
should be discouraged. A series of serological tests taken after a snort 
course of nonshock-producing treatment is better. At times, the use of 
the therapeutic test in mediastinal masses Is of importance in identifying 
aneurysm by the development of pulsation in what appears, under the 
fluoroscopc at the outset, to be .i solid tumor. For such therapeutic tests, 
the soluble mercurial salt and iodide followed by bismuth is safer than 
the initial administration of arsphenamine. Not less than 6 to 12 weeks 
should be allowed for the resolution of the periaortitis to the point which 
permits pulsation to appear. 

2. Coronary Sclerosis and Myocarditis: If the degree of damage 
seems considerable or the symptoms clear-cut, it is, the writers believe 
dangerous to subject lesions of this type to an arsphenamine therapy until 
after several months of preparation, if at all. The occasional brilliant 
exception does not offset the high proportion of such cases which, in 
exchange for a temporary slight gain, months after, when the connection 
with the previous intensive treatment has been lost sight of, pay the price 
of rapidly failing hearts. While the outlook of such cases is at best poor, 
the younger patients sometimes furnish enrouraging exceptions and. 
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after careful preparauon can stand the rjgors of a course of treatment 
uluch at least controls their anginas though the unters ha\e seen no 
examples of electrocardiographic change for the better In older patients 
iodide and rest seem the best resorts and if not osertreatcd the life 
duration achieted may sometimes quite outrun expectancy 

3 Peripheral Vascular Bisease Accompanying Syphihs It is out 
of the ordinary to see peripheral \-ascular disease in patients isiili ssphihs 
exhibit more than equi\ocal therapeutic results It is true houeter that 
hyperlension in the syphilitic patient sometimes undergoes marked and 
apparently lasting reductions under treatment uith the arspheinmmes 
Tlie nature of essential hypertension being so much m dispute and 
apparently so rarely syphilitic the source of these good effects must 
remain m question In general it may be said that the hypertensne 
patients tolerate treatment with tlic arsphenamines in moderate doses 
quite uell but carry die Iieary metals especially mercury uitli more 
diffiailty The combination of bismuth and an arsphenaminc cither as 
in bismarsen or in the combmctl neoarsphenamine bismuth course already 
described is probably the best asailable 

Etularlenlic processes \\ ith gangrene and examples of thromboangntis 
obliterans accompanied by posture blood serologic tests for syphilis do 
not furnish a \crv satisfying field for srphiloiherapy \lmost any form 
of treatment nny produce a transient improrement perhaps nonspeafic 
m ori<nn onh to be folloued by relapse and progression on uhich 
further treatment for syphilis has htile or no influence There are hou 
erer no actual contraindications to an intelligently directed therapeutic 
test if the assermann reaction is positirc 

Effects of Treatment The Cooperatue Clinical Group has recently 
published a statistical suneyis ©f cardiorascular syphilis (based on a 
study of C19 patients) including treatment results from uhicli Uie follmv 
mg data are taken 

In uncomplicated srphilitic aortitis the arcrage duration of life in 
patients who ebed had been increased from 34 to 8^ months where 
adequate treatment (13 or more injeatons of an arsenical jilus interim 
hea\y metal) was oUen after the diagnosis was made 63 per cent of 
patients who receded adequate treatment were living and symptom free 
wath no progression of the cardiovaascuhr condition at the time of the 
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siud) as compared to 49 per cent of tliosc who received inadequate 
treatment 

3n patients with syphilitic aortic regiii^itation the average duration 
of life was increased from to 55 montlis with adequate treatment after 
the diagnosis was made and symptomatic relief was obtained in 60 per 
cent of patients who received adequate treatment In the group with 
saccular aneurysm the average duration of life after detection of the 
aneurysm was 37 montlis in patients who had inadequate treatment and 
this was increased to 73 montlis jn patients who received adequate 
treatment 

PREVENTIVE ASPECTS 

The treatment of cardiovascular syphilis lihc that of neurosypliilis is 
undertaken years too late Unfortunately the diagnosis of early cardiovas 
cular syphilis is not easy to accomplish and many cases go unrecognized 
until It has progressed to the stage of aortic regurgitation 01 aneurysm 
One aid to the prevention of serious cardiovascular syphilis is recognition 
of earl) uncomplicated syphilitic aortitis by mainiaining a high index of 
suspicion and critically evahiating each patient by means of diagnostic 
criteria such as outlined by Moore Danglade and Reismger i" Tliere is 
no certainly that modem treaimeni pushed to ns utmost can prevent the 
progress of the disease even at this early stage for examples of progress 
are seen in spue of treatment Tlie hope is cherished however that 
identification of a syphilitic infection m ilic seronegative primary stage 
before the disease may be said to have gamed its visceral and vascular 
foothold will protect the patient from syphilitic cardiovascular disease 
It rests widi the practicing physician who sees the patient when he 
presents himself with his chancre and before the appearance of his posi 
tive serology and secondaries essentially to modify tlie relatively discour 
aging situation with respect to cardiovascular syphilis today That ade 
quite treatment of the patient with early syphilis is m fact a protection 
in later life is shown by the fact that in die Cooperative Clinical Group 
materiallS among 333 patients who received adequate and regular treat 
ment during the early stages and who were followed for from 3 to 20 
years not one developed any of the graver forms of cardiovascular 
syphilis By the intelligent and vigorous use of the arsphenamines and 
mercury or bismuth during the seronegative primary stage in long 
courses without rest intervals and without regard to the first or sub 

14 
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sequent negatne Wassermann tests (according to the treatment schedule 
recommended b) the Health Organization of the League of Naiiotisis 
and the Cooperatue Clinical GroiipiO) , the practitioner may attack cardio 
\ascular syphilis at its root The rational treilment of cardiov’ascuhr 
S)philis toda) is the intensue and thoroughgoing treatment of piinnr) 
and secondary syphilis 

REFERENCES 

1 Garrison, F H ‘ \n Iniroduction to the History of Medicine," 2nd 

Edit, p 205, B Saunders Co , Phila , 1917 

2 Quoted by StR ^Vn.u\M Osv.tR Bnt M J 2 1509, 1909 

3 Lancisi, G M ' De mom cordis et aneurysmaiibus," J M Sahioni, 

Rome, 1728 

1 Hel-msteder ‘ Du mode de formation des aneurysmes sponianes," Inaug 
Dissert , Strassbourg, 1873 

5 Welch, Francis H Med Chir Tr, London, 59, 1876 
G Heiberg Norsk mag f lacgevidensk <5 55, 1876 

7 Maumsten Snidicn over Aorta Aneiirvsmens Ftiologi, Stockholm, 

1888 

8 Dohle, P Em Fall von etgcniumlicher Aortentrkrankung bci cincm 

Syphiluischen, Inaug Dissert, Kiel. 1885 

9 Conner, L A J A M.A 102 575 (Feb 2-1) 193^ 

10 Stores, J H ‘ Modem Clinical Syphilology, ’ 2nd Edit , W B Saunders 

Co, Phila. 1934 

11 Stokes, J H , Miller T H . and Beerman, H Arch Dcrmat andSypb 

23 624 (April) 1931 

12 Jacobson, E 'Progressive Relaxation, ' Univ of Cliicago Press 192') 

13 Jonesco, D Romania ined 7 201 (Oct 1) 1929 

14 Richardson, E P , and WiirrE, P D Am J M Sc 777 161 (Feb) 1929 

15 Cole, H N , and Associates Yen Dis Inform 17 9V (Aptd) 49S6 

16 Hare, H A Tr A Am Physicians -fJ 82, 1928 

17 Moore, J E , DA^GLADE, J H and Reisingir J C Arch Int Mctl 

■19 793 (May) 1932 

18 Commission of Experts on Sspliilts Health Orgam/aiion of League of 

Nations JAMA 70/ 1329 (ApriMS) 1935 

19 Stokes, J H , and Associates Ven Dis Infonn 75 119 (\pril) 1931 

JAMA 102 1267 (April 21) 1934 



CHAPTER IX 


THE HEART IN HYPERTHYROIDISM 

B) HtNR^ M Thomas Jr \f D 

Introduction: Thyrotoxicosis is conspicuous because of its influence 
on the rate of the heart and many of its most distressing symptoms ong 
mate in that organ Death. uJjen it occurs, is often due to heart failure 
and Moebiusi said Die Biscdou KranLen leiden iind sterben durch 
das Herz ” Viewed from this angle the heart m hy perthyToidism deserses 
a most careful consideration 

In 1786 ParryS realized the connecuon between cardiac symptoma 
lology and goiter, but, to his mind, the heart condition was primary His 
notes, posthumously published in 1825, include a senes of eight cardiac 
cases in tvhich goiter and exophthalmos were outstanding It is esident 
that he considered die thyroid and eye changes secondary to the heart 
disease itself 

Adlemann ,3 in 1829 spoke of kropflierz,* but Graves, Stokes 5 
iMarsh,G and ^fcDonneI ' four English observers, discussing sepintely 
the same group of cases betsveen 1840 and 1855, were still convinced that 
the enlargement of the thyroid and the exophthalmos developed as a 
result of the heart trouble Markham, S m 1858, reported ‘affection of die 
heart with enlaiged thyroid and thvmus ghuds and prominence of the 
eyes ’ 

The surgeon, Rose,» working in Zurich, wrote a long paper, in 1877 
jiointing out the importance of considering the heart in operations on 
the thyroid gland Forced respiration produced by compression of the 
trachea by die enlarged thyroid gland, he thought, weakened the heart 
and finally caused it to fail His method of treatment w-as to perform a 
preliminary tracheotomy to relieve the heart of this particular form of 
burden The classical goiter heart of Rose w-as thus interpreted as a 

( 179 ) 
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liean iihich Ind become enlarged and neikcned purelj through median 
ica! obstruction 

Mocbius ind practicillj simultaneously Horsley.lO and Kocherii 
(\ide struma cardiopitluci ) and T Muller,!-! recognized the part 
pliyed in this syndrome by the thyroid secretion but, at the time no 
adequate theory uas produced to explain the heart changes Many other 
tMUers mcmioncd cardiac decompensation in patients isith large goners 
and most of these observations were made in the goiter regions of Suitzer 
land Bavaria and the Tyrol by such men as Wolfcr ,!3 Wette !•! Thomas 
Schranz.is and others 

Finally in i8gg Krausic brought forth his conception of the soolled 
neurotic or ihyTotoxic heart which is now the accepted one in spite of a 
residue of confusion as to those cases whicli occur m patients with 
obviouslv nontoxic goners Lack of exact knowledge of the function of 
the thyTOid gland caused him to attempt to include abnoimalmes of the 
heart seen in cases of cretinism and hypothyToidism It is likely that 
ainliors from goner districts have continued lo confuse cases of myxedema 
heart with the heart in hypertliyroidisin Even as late as igsG European 
WTitcrs (Meyer and Sulgeri*) have thought of Uie cardiac disturbances 
in goner as due to pressure on the trachea the great vessels or the v-agus 
and sympathetic nerves of the neck Interest, in America is focussed so 
emphatically on those tliyTotoxic cases in which pressure phenomena play 
little or no part that the WTiier proposes to omit as irrelcv-ant any 
mechanical aspects of the enlargement of the gland and proceed to a 
description of the thyaxitoxic heart 

DESCRIPTION 

Tachycardia is the outstanding cardiac sign Ithth the patient at rest 
the heart rate is often as rapid as 120 to the minute and not infrequently 
180 to 200 The tachycardia vanes according to the patients activities 
although it continues even dunng sleep The degree of tachycardia 
parallels in most cases the seventy of the disease and a fairly accurate 
guess as to the amount of clevauon of the basal metabolic rate can be 
made from the resting pulse rate It must be remembered that the resting 
pulse rate vanes in different normal people from a rate of 50 to one of 
80 beats to the minute and this same proportionate variation raav exist 
it h-ipcttli^roid.sm deielops so that the pulse rate of the first uhen 
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doubled ^vjIJ be joo xvhile the second iv*!!! nse to 160 under the influence 
of the same degree of th>Totoxicosis 

In the earl) stages of h)perih)’roidism the ndijcardia is not associated 
\Mth cardiac enlargement murmurs or an) evidence of decompensation 
although extriS)Stohc arrh)thmia does occur quite frequentl) Later 
there is enlargement which is due to dilatation wath very little hyyier 
troph) With the dilatation come murmurs v\hich are usually diaracter 
istic of mitral regurgitation (apical s)Siolic murmurs) but which ma) 
even simulate mitral stenosis* (apical pres) 5 tolic murmur and thrill) 
The heart sounds are loud and snapping the second sound increased and 
the apex beat is forceful and abrupt Tlie S)Stohc blood pressure is 
shghti) raised and the diastolic pressure lowered giving an increased 
pulse pressure lutli a bounding pulse and a visible increase in the sjstohc 
excursion of the carotid arteries Pulsation of the liver and even of tJie 
spleen have been reported Dilatation of the reunal veins and pulsation 
of the retinal arteries occasional!) ma) be seen on ophthalmoscopic 
examination 

Finall), in the still later stage there appears auricular fibrillation with 
m)Ocardial insufficienq orthopnea edema enlarged liver anasarca and 
cardiac pam Auncular flutter heartblock and bundlebrancli block are 
forms of arrhvihmia which also are seen occasional!) Electrocardio 
graphic studies show the presence of the arrhyahmias just mentioned and 
in earlier cases variation in the height and fonn of the T wave A direct 
relationship between the height of the T wave and the elevation of the 
basal metabolic rate has been traced in individual cases but this offers no 
particular help to the clinician Tliere ma) be preponderance of one or 
the other v entricle usuall) the left 

Among the cases which develop auricular fibrillation some show signs 
of congestive heart failure and others do not Hamiltonio ins stressed 
this point and carefull) described the clinical picture of those with con 
gestive failure He points out that in his senes of 50 cases exophtlialmos 
was usual!) absent the th>Toid gland was often normal m size and tremor 
and nervousness almost never occurred In recognizing this from other 
forms of congestive heart failure he stresses (a) tach)cardn which does 

•This iatier >'ariety of murmur as sho n 10 rae at the \Ia50 Cl n c by Dr Boothby w 
but several simjbr cases seen >n fhe Johns Htqvkins Hosp lal Ime proven on subsequent 
postoperative follovv up examinations actoally to be s liter ng from rheumatic m tral 
stenosis 
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not respond ns well as should be expected to complete rest and digitahza 
tion (b) histor) of unexplained loss of about 30 pounds (c) histor) 
of a surpnsingl) long duration of complete disabiht) associated luth 
gross signs of heart failure, (d) elevated B M R * (he states that non 
thjTOtoxic congest!! e heart failure cases may have a B M R of 4-63, which 
uill return to normal !\hen the heart failure is relieved) 

The average age of this series of Hamiltons cases was 50 jears and 
most of them were female patients It might be supposed that this group 
(like many cases of nodular goiter with hyperthyToidismSO or so<alled 
toxic adenoma) is comprised of patients whose cardiovascular s)stem was 
previously damaged to a degree whereby slight hyperthyroidism (so slight 
that the characteristic clinical signs of exophthalmos goiter tremor and 
restlessness are hardly noticeable) could cause myocardial insufficiency 
Whatever theories may be held about these cases the fact remains that the 
only therapeutic solution lies in treating the hyperthyroidism For this 
if for no other reason an element of thyrotoxicosis should always be 
suspected in an elderly individual who is suffering from congestive heart 
Failure In the nineteenth century it was fasliionable to discuss these cases 
under the heading of Formes Fnistes and more recently cases have been 
described with normal metabolic rates who obtain symptomatic improve 
ment from iodine medication or from subtotal thyTOidcctomy The dan 
ger involved in sucJi an indefinite diagnostic entity is obvious and the 
mistakes tJiat I have seen made in this direction lead, me to avoid using 
the term masked hyperthyroidism 

If thyrotoxicosis is brought to an end successfully the heart returns 
to the condition it presented before hyperthyroidism occurred, if the con 
dition runs on death may and frequently does result from heart failure f 

In cases of hyperthyroidism showing simple tachycaadia the opeTation 
for removal of part of the thyroid gland is often followed by paroxysmal 
auricular fibrillation which may last an hour or two or may go on for a 
day or two Such a paroxysm usually stops spontaneously without harm 
but the writer has seen cases in which emboli arose apparently from the 
fibrillating auricles These paroxysms of auricular fibrillation probably 

•The d agnosis of hjpcnhyroidism can never be made solely on an elevation of the 
basal mcDbol c rate as false high readings are often obtained when patients are emotionally 
d sturbed by worry anger or fright 

+Dr J Schranz 1887 Um das Herz drehi sich im der Regel bis ziilcizi das Cesch tk 
d« Xranken b«m Kropf das dcgenencie Hm bnngt ihm den Tod 
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are brought about by the strain of the operation and stimulation from 
ether on an already o^e^\^orl^ed and h^perirritable heart muscle tshich, 
as pointed out above, is peculiarly lilelj to develop atiricitlar fibrillation 
Previously it vsas thought that handling of the thpoid gland at operation 
might express an unusual amount of secretion into the general circula 
tion, but the surgical methods in use today practically exclude this possi- 
bility. As the irritability of the heart muscle subsides after removal of the 
source of excess thyroxin the auricles usually revert spontaneously to 
normal contractions 

The early stages of hyperthyroidism are quite indefinite and for this 
reason the resulting tachycardia may be indistinguishable from “efTort 
syndrome" or “neurocirculatory asthenia." In the later stages the tliyroid 
etiology of the cardiac derangement is quite obvious, although it ts fre- 
quently difficult or impossible to estimate accurately the degree of under 
lying cardiac disease which may exist in addition 

From the foregoing description of tlie thyroid heart it will be seen 
tliat its chief characteristic is tachycardia winch may progress, sooner or 
later, to auricular fibrillation The explanation of the rapid heart rate 
is in the process of being discovered. The older theories of cardiac 
embarrassment from mechanical pressure causing constriction of the 
trachea, or impaired blood flow through the ccrv’ical vessels, or trntaiion 
of the cardiac nerves (vagus and accelerator) toiiay liavc feiv advocates 
and are gradually being discarded. Lalwraiory and clinical experiments 
have shown that the blood volume is increased in bypcrtliyroidism anti 
dimished in hypothyroidism, 2 i« 22 that the minute output of ilic iicari 
is increased in hyperthyroidism,23. 24 and more recently that the blood 
flow is accelerated in hyperthyroidism and slowed in hypothyroidism 25 
There .ippe.irs to be a certain similarity between the so-called beriberi 
heart and the ihyTOid heart and Means has stressed the relative vitamin 
deficiency that may develop in hyperlliyToidism in the picsencc of 
incrc.ised metaliolic deimnds. 

No adequate explanation of these facts is at hind, although the 
ultimate solution will surely depend in some wxiy on the close p.irallchsm 
between variations in the mewbolic rate and in the blood flou*. Tlicy 
all afford proof, however, of the increased load borne by the heart in 
hypcithyroidism. The nnintcnancc of a more rapid flov\' of a htger 
volume of blood has been thought to require an increased cardiac 
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nrc imikeil ordnc dihntion ^nd hplme nnd hit) dc^tncntioii of the 
muscle fibers 

CssF II N C Umi No 7707 Jolins Hopkins Hospital C F Act 
3j Admitted September 22 1920 Dial Sijiitinbtr 23 1920 
r H NtRausc 

P II Stnmn \Mth no chanj^t m si/c for 18 scars 
P I Sli^jlit shortness of breath commencing sesen months ago F\ts 
noticed to Ik. more prominent Occasional!) complained of palpitation 
I’fcj>ar«l breakfast for husband this morning ami seemed all right he 
returned at 7 i m to find her in collajisc — friends sas that she asas that 
ssas all da) Sudden onset 

P F P 110 \p<.x rate 210 I 101 R fiO EMrtmch rmaciaictl 
restless thrashing al>out nnrkctt cxoplithalmns 1 ids hil to close firm 
smooth enlargement of thsToid lungs filled ssith riles C.\ \j>c\ 
lieating \iolcml) in sixth interspace in anterior axillar) line S)stolic 
miirnmr Auricular ribrillation \\iih pulse dcficii of 100 lurrdossn to 
tiinbihnis Pitting ctlcma <»f legs Dicsl in three hours Pulse iKcamt 
im|>erccptihlc iiso minutes before respirations ceased 

fmpression Hv}>crtli)roidism I xophihahmc gutter \uricular fibril 
lalion Mjocardial fadurc 

Amopss No 9171 Ihmsiuo honis |>ost mortem The heart is 
tnlargeil and neighs 390 Om Iht r»j,lit siiiiricJe is ihlaird and hvfxr 
trophictl the left ventricle sligliiU liv|>ertrophicd Microscispicall) there 
IS tfennite jKrivasnifir aiul rather slighter imcnmisoitar seamng csjit 
ciall) lovsard the tip of ilu left sentricle There is no cell infiltration 
I he thjroid is adcnomaions I lie acini tliroiighnut apjicar norma! arc 
lolloid-eoniaining and bnnl uith nihinl cells I here are some hanpbojd 
ikkIuIcs 1 he tlivamis is hv|Mplistir lung spleen and h\er shos\ chrome 
passisc txmgestion I Ins is marked m rhe liver vhere iheic is mural 
atmphv and necrosis 

TREATMENT 

I he treatintiu of the thvuud he an is in ilie inim similar to ircatincni 
of otlicr \ inciics of henr fiiluu ^\lK^ iiiriruhr librillation is present 
digitalis usual!) exerts all of the iKticfiis seen fioin this dnig in other 
forms of auruiihr fibiillaiion In some rases tin slounig tffett of digitalis 
IS less nnikeil ilnn in < ist^s of hbrillninn uiuoinpliinteal b\ hv|>crt!iioid 
isni When simple tath)tardii alone exists t\rn ihoii’li it ma\ picxhicc 
tvidinct of heart failuie the use of digitifis is without bencfii and its use 
IS siroiigl) i|ijesijonctl bv mans In the opinion of t!ic writer u sbould 
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found that the hjperiToph) imohed all the chambers of the heart. rNiih a 
slightl) greater proportional increase in the left \eniricle. Also, most 
accounts of the post mortem Findings of the ih)Toid heart describe hj-per- 
troph) in a large number of cases, and of 27 thjxoid hearts studied in the 
Pathological Department of the Johns Hopkins Hospital b) McEachcni 
and Rake.JiS iG had definite hypertrophy. Lewises reports 12 cases in all 
but three of rvhicli the heart weighed oter goo Gm. (10 ounces) . Means 
and RichardsonJi^ also repoit the necropsy findings in is cases Their 
senes showed but little h>pertroph>. 

The clinical endence is not clear cut. Hurxthal «5 made careful 
cardiac measurements on th)Toid patients before operation and again 
three months after operation. He found no contraction in the si/e of 
the heart, from which he inferred that there had been no presious enlarge- 
ment He further compared too cases of toxic goiter with too cases oi 
the notuoMC i)pe and, after making correction for the transserse diameter 
of the chest and bod) weight, he concluded that the nternge transscise 
diamctei of the heart in the toxic group exceeded that of the nontoxic 
group by only 0.^9 cm Fnedberg and Solnapc (1937) rctiewed the 
subject of cardiac h)pertioph) in Grates disease. In 27 fatal cases of 
hypeith)roidlsm studied at the Mt. Sinai IIosj>iial h>pertropli) was 
found in but 12 of these sti/Tcrcd also from hypertension or setere 
coronary sclerosis or established auricular fibrillation. The remaining 
two cases showed hjperirophy of “teiy slight ciegrcc*’ independent of 
the tarious pathological states just mentioned Thc) belies c that lath) 
caidia compensates for increase in nunitic output of blood bj the heaii 
m h)pertli>roidisiii and that thc output per beat is not increased and 
iJjcreforc dilatation does not occur in imcompHcatcd cases. 

Theoretically it is imjxirtant to discard h)penli)Toidism as a cause 
of cnlai-gement of the hcari, but one sees the combiuadon so frc<pientl> 
that its occurrence requires practical consideration In thc light of our 
present knowledge wc must conclude that enlaigement of the hcaii in 
uncompliuited cases of h)pcrth)roidism has not been prosed. When con 
gesiisc failure exists, from svhatcscr combination of causes, dilatation of 
the sentricles occurs and this dilatation ma> disappear entirely when tlic 
hypertliyroidlsm has been allayed. Tlie following case illustnues this 
statement. 
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Case I Mr G aged 44 ^eais Occupaiton RaiUsa^ iracL laborer 
Admitted to die Church Home and Infirmar) December 30 I92G 

Nerrousness and prominence of the e)Cs had been first noticed about 
14 months before admission Fue months prcsious to admission (March 
1926) a local phssician had diagnosed his case as exophthalmic goiter 
but he rvas guen no treatment In April he suddenl> lost Ins soice and 
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Cii«T 1 Case 1 FoUoi'ing ihe pariial lobectom> the patient insisted on returning 
home before the auricular fibriluuon had been mlcrruptca During the 15 months at 
home on digitalis under the direction of Ins local phjsician he continued to fibnllate 
and graduallj' went doisnhill During h« second «a» at the hospital on r«t dig tabs 
and quinidine he excreted 53 pounds of fluid in eight da)-5 and reserted to norrnnl 
rh}(hm on the eighth cLi) Since Sepionlxir 12 J9"8 he has done full manual labor 
as a track man on the raiUoad without the loss ot a single da) from sickness and sviihoiu 
taking either d/gitalis or qiiimcf ne (Ttiamss Bull Jerfmj Hopkins Hosp) 

this condition lasted three montlis after which it griduall) disappeared 
During the summer months the nervousness increased and he had several 
attacks of diarrhea His wife noticed that his appetite was abnormally 
good but that he was becoming tremulous About seven weeks before 
admission dyspnea orthopnea and palpitation became very marked and 
there was some cougU and slight swelling of the ankles There was no 
past history of tonsillitis chorea rheumatism or symptoms suggesting 
syphilis the only previous illness being typhoid fever in 1916 

Physical examination A well-developed man of 44 years, weighing 
160 pounds He was very restless although not apprehensive His skin 
was flushed and moist There was an extreme degiee of exophthalmos of 
both eyes whicli had resulted m an inflammatory condition of the con 
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jiincti\ae The th\roid was didusel) cnhrged raihcr soft in consistence 
with no thrills or bruits Cardiac dullness measured 5 cm to the right 
of the midline and about 9 cm to the left The sounds at the ape\ were 
quite irregular (108 to the minute) and a systolic murmur uas heard 
The sounds at the base were im^ular no imirmurs There was a pulse 
deficit of 17 beats to the minute Blood pressure 150/70 Lungs clear no 
rales at the bases Luer not felt Marked tremor of the extended fingers 
Slight edema of the ankles 

Basal metabolic rate 9 j jicr cent abo\e the average normal for his size 
age and sex (December 31 19^6) Urine Acid 1 020 Alb 4 . Siig 0 
Micro Normal Hemoglobin 9a per cent 

Course in Hospital Digitalis thenp) uas instituted and I ugol s solu 
tion 0 G cc. (10 minims) iid was given Marked symptomatic improve 
ment took place with a corresponding fall in the basal metabolic rate to 
-f- 32 on January G (weight 154 pounds) and to -{-14 on January 11 
(weight 158 pounds) On January M a subtotal thyroidectomy was 
perfonned by Dr W F RtenhofF Jr without altering tl c patients con 
dition to any eMcni The Lugols soUiuon as as discontinued (as is our 
usual procedure) and 11 days after the operation the B\fR was +30 
per cent Auricular fibrillation persisted but the patient was forced to 
return to his home m West \ irginia on Januarv 26 From the hision 
of his symptoms during the next 12{4 montlis it seems evident that auricu 
hr fibrillation persisted uninterruptedly He look tincture of d gitalis 
under the direction of his local physiaan In May he resumed his work 
but he could not do more than pump the handcar out to work and he 
often became short of breaili He was somewhat better during July but 
in \iigust he began to get nervous and run down and could not v alk 300 
yards wuboui bieathlessness He rested during September and improvctl 
slightly but could only perfonu an occasional day s work during October 
November and December Some time about the middle of December Ins 
condition began to go downhill and in rebniarv 1 c noticed a good deal 
of swelling of the legs 

On lus return to the liospital February 15 1928 he prevented the 
picture of severe cardiac decompensation with auricular fibrillalion 
cardiac dullness 4 cm to the right and 19 cm to the left in the sixth inter 
costal space Blood pressure 112/85 As the tunc the [laticnt could stay 
m the hospital was cxiremclv limited digitalis and quinidint therapy 
were started siinuUancously and eight days liter during which time he 
had lost 33 pounds the liver had liccomc normal in si/e and the pulse 
regular in force and rhythm During tiie following week he continued 
to cxcrctc the edenntous fluid iiiiul at the end of 14 days admission he 
had lost 12 pounds \uricular fbnUation reappeared when the dose of 
quinidine was reduccil but normal rhythm was permanently restored by 
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adding a dose of quinidme at mtdntglit The patient «as disdiaired on 
Mardi 21, 1928 

He returned to Balhmon on Jiint 7 |92i>, for cxainimiinn He said 
ihathchadnVcn iinctureoldiginlii OGcc (10 minims) iid aiidqtiini 
dine sulhte, 0 3 Gm (j grams) i id niul at 11 i m reguhrl) and had 
had no return o[ the irregular pulse His sirength Ind gradinlh incrcisctl 
so that he fell he s^as rc-uK to rLsumt work He looked quiet and strong 
Tlierc was no edema hsir not palpable no rales at the lung bivrs, 
Ifeiri dullness 2 cm to ilie n^ht and IS on to the left with a slton soft 
sjstohc nTurrnitr hcnel it the ijav Soiiiuls regular am! of fur qinlits 
nJthoiigh the first sotjiid ms sonicwlni initnied it the iptv 11 M R — I 
percent eight 157 {Msiimls 

EJcctroraidiognph jiim 7 iy2h Rut 07 rJnthin simminnihr 
PRinien’al 0 23 second I ( II ind 111 inverted The ftisi degree heart 
block as well as inversion of T I iiid H atitl the stuns irrluihuiu ire 
ilinost ccrmnl) due to tlie itnouni of digmlis he has nken 

T elcorocnigcnognm MR j ML *> 1 30 Vorn sligluK dilated 
The cdcci of exercise doe-s not piss off as ripidh as is usual (pulse 
nic of 90 to 9 j, 15 mtnuits ifier hopping 50 tunes) 

The pitient rciurmd home dtsroniimienl ill medication iml three 
weeks liter begin work in the gitdcn He gndinUs incriascd hi» dith 
work until on September 12 1928 he remrned to his full woik as i iraek 
man on the railroad Since that time he Ins elotic full nnninl lilior with 
out the loss of 1 single div from Mckness He arises it 5 v m mikes the 
fire milks a cow breikfasi at f» walks a mile to work which begins it 
7 30 ind lists umil 5 Ins a half hour for lunch During this time the 
work is furl) const uit wiili i pick or shovel lie iisuill) returns home in 
1 madiine and retires it 8 p M He has noticinl no swelling of the fi-et 
no shortness of breath or irrcgiihriis of heart iciion Ins ipjKiitc his 
been scr) gooel but not excessive niid his weight his remiiiud tniisiint 
\t m) request the piticiu rciurncvl for cxirimntioti 

riissicil cximination ^^^^rch 2 1929 Tivt fe-ct ff inches f(T2 
pounds There is quite dcfmitt c\o(»hihiImov not is nntkcrl is on the 
previous cxmiimtion but siiH sen evident I he sclera of the left c)c is 
injected fonjunciivie not inllarncd 

l]i}rojdocloiiis scar birch jiciccptiblc No ilqroid tissue felt 
Lungs clear to percussion and lusniliition no rdes it the ij)ite*s or 
bases 

Hciri The ijktx is not tltirls seen or felt DiiUncss txicnds 8 cm 
to the left of the midstcniil line 2 an to the right No inaeise in dull 
mss It the base At the ajvcx the sounds ire clnr, of gocxl qinlit), no 
iminnurs No nuimiurs it the bisc 
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Pulses are equal and s}nchronous and regular in force and rhythm, 
1/ to the quarter The tessel all is not thickened brachtals not tortuous 
Blood pressure 120/80 

Liver not felt nor enlarged to percussion Spleen not felt 
Extremities No edema of the ankles, no fine tremor of the fingers 
B M R , — 7 per cent 
Urine Negative 

Electrocardiograph Marcli2. 1929 Rate, 76 Rhythm sinoaunciilar, 
P R interval 0 30 second Remarks T waves all upright P 11 diphasic 
Diagnosis Normal sinus rhythm 

The first account to be given of the pathological changes in the heart 
of a patient who died of thyroid disease was by Sir Henry ^fa^sh,C m a 
report before the Pathological Society of Dublin, in 1841 Before death, 
this patient had suffered from irregular heart action and anasarca The 
heart was greatly dilated, particularly on the right side, showed some 
hypertrophy and granular fat along the margin of the mitnl valv c Since 
then various reports have been made noting changes in Uie heart muscle 
and these reached their high point vvitli Goodpasture’s3 7 account of two 
cases which showed degeneration and fragmentation of the heart muscle 
fibers Recent careful pathological studies have failed to reveal any con 
slant or clearly proven pathological change in the heart it Inch is defimlely 
caused by hyperlh\roi<hsm 

EFFECTS OF THYROTOXICOSIS 
Clinically it is thought that thyrotoxicosis produces no lesions which 
are permanent in their effect and patients are seen who suffer for several 
years from the most extreme form of heart failure and then return to 
perfect functional activity of the bean after subtoraJ thyroidectomy -ts 
Even m those pauents who die quite evidently from heart failure the 
myocardium frequently reveals no changes demonstrable by present 
methods of patliological examimtion From a careful reexamination of 
the hearts of 27 patients dying vvith hyperihyToidism at the Johns Hop- 
kins Hospital It was concluded^s tliat no pionoiinced pathological 
change is produced in the heart by hyperthyroidism Current opinion 
then is that the hearts of patients dying from ihyTotoxic heart failure 
show’ a vanety of inconstant minor lesions none of which can surely be 
ascribed to hyperthyTOidism The changes most frequently encoiiniercd 
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arc marked cardiac dilantion and hjnline and fattj degeiienwon of ihe 
muscle fibers 

Case II Js C Unit No 7767 Johns Hopkins Hospital C F Act 
3a Adromed September 22 1926 Died September 23 1926 

F H Negniiie 

P H Struma >\iih no change in size for 18 jcars 

P I Slight shortness of breath commencing seven months ago Ejes 
noticed to be more prominent Occasional!) complained of palpitation 
Prepared breakfast for husband this morning and seemed all right lie 
returned at 7 p vf to find her in collapse — friends sa) that she was that 
iva) all da> Sudden onset 

PE P 140 Apex rate 240 T 101 R 60 ExtremeK emanated 
restless thrashing about marked exophthalmos Luis fail to dose firm 
sniooili enlargement of ili)Toid Lungs filled with rales C V Apex 
beating Molentl) in sixth interspace in anterior axtllar) line Systolic 
murmur AunaiJar fibnilation witli pulse deficit of 100 Liver down to 
umbilicus Pitting edema of legs Died in tJiree hours. Pulse benmt 
imperceptible two minutes before respirations ceased 

Impression Hypertiixroidism Exophthalmic goiter Aunailar fibril 
laiion Myocardial failure 

Autopsy No 9171 Thirty two hours postmortem The heart is 
enlarged ami ucighs 390 Cm The right ventricle is dilated and hyper 
trophied the left ventricle slightly hyjierirophied Microscopicalh there 
IS definite penvasadar and rather slighter intcrnnisodar scarring espc 
cially toward the tip of the left ventricle There is no cell mfiltration 
The thyroid is adenomatous The acini throughout appear normal are 
coUoid-containing and Imcvl with ailucal cells There are some lymphoid 
nodules The thvnuis is Jiyjicrplasiic. Lung spleen and liver show chrome 
passive congestion This is marked in the liver where there is central 
atrophv and necrosis 

rREATMENT 

The iieatment of the thyioid heart is in the inaiii sumlar to trcatmcni 
of otlier varieties of hcait failuic \\ hen atinciilai fibrillation is present 
digitalis usually txeiLs all of tlie btnefits seen fiom this drug m other 
forms of auricular fibrillation In some cases the slow mg effect of digitalis 
IS less marked tlian m cases of fibrillation tincompheated by hypcitliroid 
ism When simple tachycaidia alone exists even though it may produce 
evidence of heart failure the use of diguihs is without benefit and us use 
IS strongly questioned bv many In the opinion of the writer it should 
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be withheld from these cases until after operation or until some other 
indication foi its use arises For the same reasons venesection is rarely a 
helpful procedure 

Qumidme is most \aluable in obtaining resersion to normal rhjthm 
in cases of auricular fibrillation which do not revert spontaneously after 
operation It should not be used before operation because tlie slowin" 
effect tint digitalis has on the fibnllating heart is lost after normal rhythm 
IS established by qmnidine and dangerous tachycardia may ensue 

Case in Mrs A P Aged 31 Hospital for the omen of Maryland 
No 3-406 Marcli 12 1931 

Complaint Ner\ousness palpitation shortness of breath 
P H History of occasional sore throat No serious illnesses ^Veighi 
Best IGo pounds Now 160 pounds Nerves Has always been nersous 
and high strung More irritable the past year 

Spelling of the neck svas noticed nine years ago but symptoms began 
four years ago witli attacks of pain in the left chest palpitation and 
dyspnea In the past year she has become more nersous and irritable 
and has lost 'i\eigh( m spite of an increasing appetite 

P E Patient is a nersous restless white womin sitting up m bed 
with some shortness of breath \\ell marked exophthalmos and lid lag 
Thyroid ghnd is diffusely enlarged with some lobuhtion Heart Sounds 
are absolutely irregular Apical rate 130 \t the wrist lOo to the minute 
There is a loud blowing systolic nnunmr o\cr iho precordium Diastole 
IS clear Blood pressure Sounds come through first at ICO mostly at 145 
Diastole 90 Thcie are a feu riles at the bases \bdomen Negatne 
Lner and spleen not felt Slight edema of the ankles 

\fier two aveeks of Lugol s solution the BMR fell from +a9 to 
+ 13 and she was operated on by Dr Uilham F Rienhoff Jr on March 
28 1931 She improaed postopcratnely but aunatlar fibrillation persisted 
and 12 days after the operation she svas started on qumidme sulfate and 
Uie dose increased to 0 6 Cm cveryr siv hours Eight days later the fibril 
lation disappeared and normal mechanism was reestablished with the 
apical and pulse rate of 52 beats to the minute She was disdiarged fne 
days later on the maintenance dose of quinidine 0 2 Gm at 7 A m 
2 p M and 9 r m After two weeks home the quimdine was stopped 
Normal cardiac mechanism was permanently established 
Symptomauc improsement is noted following treatment in an oxygen 
tent When all is said and done the ultimate and only lasting treatment 
is removal of the cause that is die hyperthyTOidism Surgical removnl 
of a large portion of the thyroid gland offers die best results and this 
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ma> be done no xnatlei ho^\ senous the cardiac s)inptoms seem to be 
Formerlj the operation of th)Toidectom> tras considered \er) dangerous 
particular!) in cases suffering from congesti\e failure The preoperaiiic 
use of iodine and the improved operative technic and postoperative care 
have changed tins point of view however and now surgeons do not hesi 
tate to perform total ihyToidectom) on desperately ill rheumatic or 
arteriosclerotic cardiac cases In our cluuc we have seen little temporary 
and no permanent improvement m cardiac cases without hyperthyTOidism 
and the procedure is rarely employed 

Preoperative treatment with iodine causes a specific reduction in tlie 
functioning of the thyaoid and wJiile this is only temporary ji is to all 
intents and purposes similar to the removal of a portion of die gland 
Aiinculir fibrillation has developed in elderly patients with nodular 
goner vsnh hyperthyToidism when at rest in bed under iodine treatment 
Friedrich Muller once stated to the waiter tint iodine occasionally exerts 
a deleterious effect on the heart muscle of some sucli cases This has nev er 
been corroborated iiy experimental observations but the writer dunks 
tint such a possibility should be borne in mind 

Occasional refractory cases are seen in which iodine fads to bring 
about iniprovemem and in diese ligation of one or more thyroid arteries 
may be resorted to Tins simple procedure tends to reduce die thyroid 
activity and tJius permits an troprovement of the myocardium siiSTiaeni 
to allow die operation to be borne safely A complete subtotal lobectomy 
should never be undertaken in the difficult cases imiil the patients gen 
eral condition (i e BMR nervousness body weight etc) and with 
tins Ins heart muscle has been sufficiently improved 

The clioice of anestliesia for iliyaoid operations in |xinents with heart 
failure deserves careful consideration Because of the dangers of open 
drop ether anesthesia much attention was paid some years ago to develop- 
ing a smooth local anesthesia method Mith the improved methods of 
closed edier and oxygen anesthesia with gas induction die need for this 
has disappeared in all but the most desperately ill paiients Caiefiil ether 
anesthesia preceded bv Jiglit basal anesthesia or avertin or sodium amytal 
IS the method preferred by Rienlioff in the Jolins Hopkins Hospital 
I-aheySf advocates the use of cyclopropane combined with nitrous oxide 
Since qdopropane alone is likely lo produce undesirable cardiac irregii 
lanties The danger of bringing on these cardiac irregularities is offset 
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Laliej believes, b) the absence of the excitement stage and of {>ost 
operative vomiting 

In some clinics sodium am>tal (o 39 Gm. (G grains) one hour before 
operation) and morphia (001 Gm (i^ grain) with strychnine oO mg. 
(Vioo grain) a half hour before operation) are used as a basal anesthesia 
followed b> ethylene in the operating room. We Iiave found a great 
many hyperthyroid patients who arc sensitive in one way or another to 
morphia and so we now take the precaution to give them a test dose sev 
eral nights before the operation Pantopon, 16 mg. (l/J gram), can be 
siibstmited in sensitive individuals Experienced anesthetists vaiy in iluir 
preference of methods depending on the technic with which they are most 
familiar The combination ether method Ins the one indispciis.ablc 
advantage of keeping the depth of anesthesia constantly iitider control 
It may finally be concluded that the heait, in conjunction with the 
rest of the body responds to liypenhyroidism by functional acceleration 
Given a nonnal young cardiovascular system this speeding up is a matter 
of little or no consequence On the other hand, in a heart which is vvcik 
ened by advancing age or heart disease the constant overwork from hyper 
thyToidism frequently leads to congestive heart failure In either instance 
removal of the hyperihyTotdism allows the heart to regain both func* 
tionally and structurally its prehypcrthyTOid condition 
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CHAPTER X 


CARDIAC NEUROSES 

5) Lfuis A Conner D 

Definition The term cardiac neuroses is the one commonlj 
applied to a large and Iietcrogeneous group of disorders clnracicnrcd 
by cardiac s)mptonis rvhich obsioiisl) are not due to organic disease of 
the heart or of otlier organs 

In Its broadest appli&iiion tlie term includes disorders due to such 
widely diverse causes as emotional distmbanccs fatigue eNhausiion fol 
louing acute illness ionic agents such as tobacco and coffee rcfleN tlis 
turbances from otlier organs such as the siomach and gallbladder, and 
even disorders of thyroid function So distinct a cardiac s)ndrome as 
paroxysmal tacliycardia has sometimes been included among the nturoscs 
although us true nature is still obscure 

Wiihoui aiiempung lo tlefine boundaries to the proper application 
of the term cardiac neurosis the present discussion will be limited to the 
consideration of disoiders in which the cirdiac symptoms are assoaaied 
with and in large part arc occasioned by emotional disturbances The 
reason for thus rcstiicting the discussion to this limited interpi elation of 
the term lies in the fact that it is to tins type that most of the serious and 
therapeutically diffitult disorders belong Such minor neuroses as <Kcn 
sional extrasystoles and transient palpitations are usually negligible unless 
or until they are associated vsiili such emotional factors as ipprcliension 
and anxiety 

ETIOLOGY AND PATHOGENESIS 
Every one is familiar VMth the fact that the emotions have a direct 
influence on those bodily functions vsliich ire controlled by tlie vegctaiivc 
nervous system and vshose wordings nomnlly proceed without participi 
lion of the conscious mind Thetr mfiucnce on the secretory fiincnons 
need but be recalled as exemplified in the flow of saliva and gastric juitc 

( 196 ) 
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called forth by the itiei'e sight of appetizing food their effect on the mus 
cuhture of the gastiointestinal tract assbonn by tlie lomiting excited by 
some rei olting sight and by the dnnhea caused by fright or anxiety their 
influence on the walls of the arteries as displayed m the flushing of embar 
rassment and the blanching of fear and anger The rare but well authen 
Heated instances of jaundice following some \ioIent emotion are to be 
explained probably as the result of spastic closure of the sphincter of 
Oddi Finally the influence of the mind on the action of the heart is 
shown by the tachycardia the palpitation the premature beats and the 
precordial discomfort produced by sudden fright or violent anger 

For a full realization of the far reaching influences of the emotions on 
the bodily functions one should read Cannon s ilhtmimting booh Bodily 
Changes in Pam Hunger Fear and Rage i 

This influence of the emotions on the visceral functions is obviously 
exerted through the medium of the autonomic nervous system since 
these organs are innervated only by that system but the effects may be 
produced either by the direct action of the vegetative system on the 
respective organs or indirectly by its effect on the glands of internal secre 
tion such as the suprarenals 

For present purposes neuroses in general may conveniently he divided 
into those disorders in which the symptoms arc chiefly or wholly those of 
disturbed states of mind—the psycfioneuroses— made up of morbid fears 
apprehensions anxieties indecisions and depressions and those in which 
the chief symptoms are due to disturbance of the functions of one or more 
of the internal organs— the so called organ neuroses oi the vegetative 
neuroses In the one case the victim may have a distressing fear of for 
instance heart disease vvithout any actual symptoms referable to that 
organ In the other he may haie obitom symptoms ind signs of djs 
turbance of the cardiac functions without for a time at least anv 
consuous apprehension or fear When however the disordei has existed 
for some time it is usual to find both types of syonploms present and oper 
ating as a vicious circle every appearance of a cardiac syoiiptom serving 
to increase the mental agitation and this in turn increasing the tendency 
to cardiac symptoms 

From wlnt has been said then it is obvious that the cardiac neuroses 
are merely a special type of that commonest of all forms of neurosis— the 
anxiety neurosis 
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The psychic reaction to doubt concerning the integrity of the heart 
seems to be much more violent and f/rofound than is the case uith any 
of the other internal organs Most persons s\ho svould accept witli consid 
erable equanimity the knowledge that they had some disease of the Iner or 
kidneys or lungs i\ill ha\e their morale sadly sliaken by any e\idencc 
lint the heart is not functioning properly In the minds of most layanen 
the thought of heart disease is still associated i\ith tiie idea of sudden and 
unforeseen death This is probably the reason s\hy tlie cardiac neuroses 
occupy such a prominent and imporunt place in the list of organ 
neuroses 

For the normal functioning of the organs under the control of the 
vegetatne nervous system there is maintained a fine balance between the 
accelerator and the inhibitory mechanism by which sudi functions are 
carried on without participation of the conscious mind Bui all iliesc 
functions are nonetheless to some degree susceptible to psychic 
influence Transient disturbances of tins equilibrium occur as has been 
pointed out in normal individuals as a reaction to sudden psychic stimu 
lation In the neurotic individual tins response on the part of the 
vegetative nenous system seems grossly exaggerated and out of all pro* 
portion in Its seventy or Its duration to the psychogenic stimulus Such 
excessive reactions are apt to be thought of in terms of a hypersensitive 
autonomic system or of autonomic imbalance The question may be 
raised however in most such instances wlictlier the fault does not he in a 
psychic stimulus which is excessive or unduly protracted rather linn in an 
abnormally sensitive autonomic system 

If the premise of a psychogenic basis is accepted for all the cardiac 
neuroses in which toxic or reflex causes may be excluded then it must he 
admitted that such a psydiic origin is sometimes so obscure and so deeply 
buned as at times to defy the most thorough search and questioning 
\enrotic patients are notoriously prone to suppress and conu il ihcir 
unreasonable fears and anxieties even when these still occupy tin. ton 
scions mind but in many cases the siiimilus may he in some long past 
experience which has disappeared from the conscious mind and has sunk 
into the subcortical autonomic rone where it remains only as an organ 
memory t^nertheless it may be slated uith some confidence that the 
frequency uilh uhich a psychic cause ts established u ill vniy directly uilh 
the thoroughness and skill with uhtch it is sought 
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But e\en though a careful search maj fail to re\eal a direct and 
ob\ious relationship bettveen the cardiac sjanpioms and some definite 
psychic disturbance it will rarely fail to disclose evidences of some insta 
bihty of the nervous s)stem as it relates either to the mind or to the 
autonomic mechanism It is surprising in revieuing the histoiy of 
patients with functional heart disturbances to find how frequently the 
storj of some nervous breakdown is obtained either during the years 
of school or college life or in the course of some later period of stress 
In other patients without such a definite breakdown theie will be 
indications of mental instability becoming apparent m the form of 
exaggerated introspection of great suggestibility of morbid concern for 
health In still others there vmII be a history of other organ neuroses or 
clinical evidences of a disturbed autonomic nervous mechanism such as 
instability of vasomotor control extreme lability of the pulse rate or 
blood pressure level or marked sinus arrhythmia 

IVhen the ps)chjc stimulus can be detenmned it will usinlJv be 
found to fall into one of the following four groups of causes 

I The statement of some physician or life insurance examiner that the 
heart shows some abnormality such as a munnur or irregularity of 
rhythm or else die rejection of the applicant for life insurance on the 
score of some heart disturbance or of high blood pressure Sometimes 
It is a mere assumption on the pan of the applicant himself that the heart 
must be diseased because two or three examiners were called in to listen 
to It In a person of the appropriate mental composition the slightest 
suggestion that the heart is not intact may be enough to start a whole 
train of emotional reactions leading up to cardiac symptoms 

•» The occurrence of some dramatic case of heart disease (peilnjjs 
wit/j sadden death) among the relatnes or fnends of the psttent 

3 The appearance of some symploro which calls the attention of the 
patient to his heart and leads to a doubt as to its integrity This may be 
a sudden skip a flutter or a twinge of pm or may be merely wbat is 
regarded as undue palpitation or dyspnea after some special exertion 
Such disturbing symptoms are often first noticed during convalescence 
from an illness such as an attack of grip or they may appear as a result 
of the excessive use of tobacco or coffee 

4 Some profound and protracted emotional disturbance such as deep 
grief or prolonged anxiety or excitement in v Inch hov ever there is at 
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first no element of doubt concerning the state of tlie heart \luili the 
most striking illustrations of the openiion of this cause svere seen during 
the uar in the innumerable instances of that condition knoun s'ariotisK 
as the irritable heart of soldiers the effort syndrome or ncurocircu 
lator^ asthenia \s the result of the profound and long<ontinucd emo- 
tional disturbances incident to the process of \ohimeenng or of being 
drafted into tlic ann) sucii cases were encountered hterali) b) the thou 
sand and far outnumbered all the cases of organic heart disease found hy 
the examining boards 

SYMPTOMS 

These are predonunanil) of a siibjectise character as is the case in 
most other forms of organ neurosis Such subjectisc s^anptoins include 
e\er) possible \ariet) of sensation from that of a slight fullness soreness 
or pressure up to seserc anginal pain tsiih ns characteristic localization 
and Its radiation to the ann neck or back Frequently the sensation 
relates to the heartbeat and is described as fluttering palpitation pound 
mg or throbbing in the ears or temples \ common form of unpleasant 
sensation is the single tliump that follows a premature beat Occasionally 
the complaint is of a sensation as though the heart nerc not beating 
Another common ssmpiom is the feeling of breathlessness or of inahilits 
to take a satisfactory breath \Mthotit any actual dyspnea c\en on exeiiion 
All these subjective symptoms can of course be duplicated in organic 
disease of the heart as well as in those functional disorders of toxic or 
reflex nature v\hich cannot lie classed among the neuroses in the stneter 
meaning of that term 

1 Pain \\1ien actual pain IS present its careful analysis will usually 
show evident differences from true anginal jiain Rarely is it referred 
directly to the retrosternal rq;ion tlsuallv its location is in the apical 
region or over the left half of the precordiiim Usually too it is made up 
of twinges of darting pain and the steadv boring constricting cbaracccr 
of anginal jxain is lacking Tlicrc is seldom anv close rclaiionslnp bclv^ccn 
the pain and phvsicnl effort Indeed the fmin is much wore aj t lo be fell 
then the fmlienl ts sitting quieth or ts in bed than then talking 
Although the pain of the neuroses is ordinarily easily distinguisliablc 
from that seen in serious organic disease it is however by no means 
alwavs so and it cannot of itself be relied on to make the differential 
diagnosis between a neurosis and disease of the coronarv vessels \i times 
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that either alcoliol or tobacco pla)s any part in the production of the 
symptoms. Although prolonged emotional strain vs the commonest excit- 
ing cause, the ps>chic disturbance is not that of the familiar type of 
anxiety neurosis and there is, at the beginning at least, no apprehension 
concerning the state of the heart. 

The name “the effort syndrome” n-as suggested bj Leu is, because of 
the resemblance of the symptoms to those produced by severe muscular 
effort— rapid heart action, palpitation, throbbing arteries, precordial dis 
tress, fatigue, dyspnea on slight exertion, tremor, sweating, etc. Persistent 
tachycardia and inability to withstand any physical effort are perhaps the 
most constant symptoms. Tlic heart is never enlarged, although its violent 
pounding against the chest wall may easily give the impression that it is 
Tlie heart sounds are sharp and loud and functional systolic murmurs 
arc not uncommon 

The prognosts vanes greatly, depending upon the nature of the excit 
ing cause and the constitutional characteristics of the individual. In the 
case of most of the incapacitated soldiers, the return to civil life and the 
resumption of a quiet routine, free from the violent emotional stresses of 
the war, was followed by a gradual subsidence of the symptoms. 

Association of Neuroses with Organic Heart Disease: It is not to 
be supposed that organic heart disease is found only in individuals with a 
stable mind and nervous system; when it appears in persons whose mental 
make-up predisposes them to apprehensions and fears, evidences of this 
tendency may be found in the appearance of symptoms which cannot 
reasonably be ascribed to the organic disease present. In such cases, a wide 
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just uhat is to be expected in the vny of symptoms from the type and 
grade of the organic lesions present, in order to recognize that certain of 
the s)inptoms have no direa relation to the somatic disease. 

This association of organic disease with sjanpioms of a purely neurotic 
nature is encountered in patients of almost all ages. It is seen in older 
children with rheumatic heart disease who hate been taught, usually by 
an overanxious mother, that all physical effort is to be avoided; it is 
found frequently in neurotic women w'ith long-standing but relatively 
mild mitral stenosis, and it is by no means uncommon in persons in 
middle life who are oppressed by the knowledge that they suffer from 
“high blood pressure." 

CLINICAL COURSE AND PROGNOSIS 

The clinical course and the outcome of a cardiac neurosis depend 
upon many fectors, chief among which are the mental constitution of the 
individual; the degree of psychic upheaval caused by tlie cardiac symp- 
toms, and the character of the treatment received. If the symptoms appear 
in a person of reasonably stable mental composition, and if his anxiety be 
allayed promptly by wise and tactful management, the cardiac disturb- 
ances are immediately stripped of significance and will usually soon dis- 
appear. Ifj however, (he nature of the symptoms be misunderstood and 
if he be treated as though he had some cardmc weakness, (he symptotns 
lend to become more pronounced and to persist. 

On the other hand, in an individual naturally apprehensive and with 
a record of earlier psychoneurotic manifestations, even skillful manage- 
ment may' do no more than cause a temporary subsidence of the anxiety 
neurosis and the patient is apt to have from time to time sudden out- 
breaks of unreasonable fear and panic, even in the absence of definite 
cardiac symptoms. 

DIAGNOSIS 

Although there is always the possibility of confusing certain types of 
cardiac neurosis with such somatic diseases as pulmonary tuberculosis and 
hyperthyToidism, the chief diffiailty in diagnosis lies in distinguishing 
the neuroses from organic diseases of tlic hcirt. In this differentiation a 
searching investigation into tlie patient’s history, past and present, is of 
the utmost importance. Evidences of nervous instability, as shown by 
“nervous breakdowns" in the past and by the tendency to morbid fears 
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that either alcohol or tobacco plajs any part in the production oE the 
s>mptoms Although prolonged emotional strain is the commonest excit 
ing cause, the ps>chic disturbance is not that o£ the familiar type of 
anxiety neurosis and there is. at the beginning at least, no apprehension 
concerning the state of the heart. 

The name “the effort syndrome" was suggested by Lei\is, because of 
the resemblance of the symptoms to those produced by severe muscular 
effort— rapid heart action, palpitation, throbbing arteries, precordial dis 
tress, fatigue, dyspnea on slight exertion, tremor, sweating, etc. Persistent 
tachycardia and inability to withstand any physical effort are perhaps the 
most constant symptoms. The heart is never enlarged, although its violent 
pounding against the chest wall may easily give the impression that it is 
The heart sounds are sharp and loud and functional systolic murmurs 
are not uncommon. 

The prognosis vanes greatly, depending upon the nature of the e\cu 
ing cause and the constitutional charactenstics of the individual. In the 
case of most of (he incapacitated soldiers, the return to civil life and the 
resumption of a quiet routine, free from the violent emotional stresses of 
the war, was followed by a gradual subsidence of the symptoms. 

Association of Neuroses with Organic Heart Disease: It is not to 
be supposed that organic heart disease is found only in individuals with a 
stable mind and nervous system; when it appears in persons whose mental 
mahe*up predisposes them to apprehensions and fears, evidences of this 
tendency' may be found in Uie appearance of symptoms which cannot 
reasonably be ascribed to the organic disease present In such cases, a vdde 
range of symptoms may be encountered, chiefly subjective, which He out- 
side the legitimate manifestations of the existing organic disease. "When 
the structural disease is itself causing severe or distressing symptoms, the 
neurotic symptoms, if present at all, are apt to be relatively unimportant. 
It is in the milder forms of heart disease, with few or no real symptoms, 
that the emotional reactions tend to occupy the foreground of the picture 
and demand serious consideration. On their proper ev-aluation by the 
physician may rest the entire structure of successful treatment. This dif 
ferentiation between the symptoms whidi are the legitimate result of the 
existing organic disease and those which are merely the expression of the 
associated psvchic upheaval demands the utmost in skill, judgment and 
experience on the part of the physician He must know from experience 
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just ulni IS to be expected in the tra) of symptoms from the i)pe ind 
gndc of the organic lesions present in order to recognize tint certain of 
the symptoms ha^e no direct relation to the somatic disease 

This association of organic disease r\uh ssmptoms of a purely neurone 
nature is encountered in patients of almost all ages It is seen in older 
childien ssiih rheumatic heart disease who lia\c been lau^ht usuall) h) 
an oseranxious mother that all phjsical effort is to be avoided it is 
found frequent!) in neurotic ^\omcn nifh longstanding but relative!} 
mild mitral stenosis and it is b) no means uncommon in persons in 
middle life who are oppressed b) the knowledge that tlicv suffer from 
high blood pressure 

CLINICAL COURSE AND PROGNOSIS 
The clinical course and die outcome of a cardiac neurosis depend 
upon man) factors chief among which are the mental consmuiion of the 
individual the degree of ps>chic upheaval caused b) the cardiac s)inp- 
toms and the character of the treatment received If the sjmptoms appear 
m a person of rcasonabl) stable mental composition and if his anxiet) be 
a]]a>ed prompt!) b) wise and tactful management the cardiac disturb 
ances are immediate]} stripped of significance and will usual!} soon dis 
appear //, hou-eier, the nature of the symptoms be nusutiderstood aud 
\f he be treated as (hough he had some cardxnc ueakness (he symptoms 
tend to become more pronounced and to fersist 

On the other hand m an luduulual natural)} apprehensive and with 
a record of earlier psjchoneurouc manifestations even skillful manage 
ment ma) do no more than cause a temporar) subsidence of the anxiet) 
neurosis and the paiient is apt to have from time to time sudden out 
breaks of unreasonaWe fe7r and panic cren in the absence of elebnne 
cardiac s}Tnptoms 

DIAGNOSIS 

Although there is alwa)s the possibiht) of confusing certain t)pes of 
cardiac neurosis VMth such somatic diseases as pulmonar) tuberculosis and 
h)pcnh)roidism the chief diffiatU) in diagnosis lies in distinguishing 
the neuroses from organic diseases of the heart In this differentiation a 
searching investigation into Uic patients hisiorv past and jircscnt is of 
ihe utmost importance Fvidenccs of nervous insialnht} as shown h) 
nervous breakdowns in the jvast and bv the Iciulencs to morbid fears 
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md ipprehensions a\i 11 often be brought to light Frequentl) the s)inp- 
toms t\ill be found to ln\e started as die result of the djsco\er> b> an 
insurance e'caminer of some inumiur or cardiac irregulaizt) or as the 
result of the occurrence of some dramatic case of heart disease in the 
family of tile patient A careful analysis of the symptoms imII disclose 
discrepancies between these and symptoms due to true disease of tlie 
heart such as the lack of relanonslup betiveen the symptoms and physical 
effort and the atypical character and location of the pain Finally a care 
ful examination of the heait itself will fail to reveal am basis for the 
diagnosis of oiganic disease The diagnosis of such a neurosis however 
should never be made merely on the negative findings of the heart 
examination ^\hile these are essential they arc nevertheless only a part 
of the evidence upon which the diagnosis should he based In hardly any 
condition it there greater need for ftositiveness and certainty in diagnosis 
Ilit/iowt confidence himself, the physician can hardly hope to instill 
confidence into the mind of hts patient and such confidence is the basis 
of all successful treatment 

TREATMENT 

Jn many instances the problem is simple and a lactfnJ expJanauon 
of the situation and reassurance may be all that is needed At other times 
the therapeutic ptohlem is difficult and complicated and clearly calls for 
the assistance of i trained and e\|>crienccd psychiatrist Generally how 
ever it falls to the lot of the family physician to deal with sucli patients 
and if fie Ins fnd the insight to recognize the significance of the emotional 
factor he will usually he found to possess die judgment and good sense 
necessary to effect the cure Tact and common sense will go far toward 
compensating for die lack of psyclintnc tcchnic 

A word should be said first concerning prophylaxis Obviously the 
fundamentaf difficulty m a patient with a cardiac neurosis lies in his per 
sonality and Ins mental composiuon and those ingrained cinractensnes 
it tan hardly be hoped to alter iniienally But this fact makes it all the 
more important that as physicians great care should be exercised to avoid 
supplying such an unstable individual widi any suggestion that may serve 
to crystalize his fluid anxieties and center them on his heart 

If in the course of health or insurance examinations some unim 
portant cardiac anomaly is noted by the examiner it is often wise to avoid 
mention of it or if it seems necessary to apprise the patient of it the 
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matter should be presented to him in such a %vay that it will carr^ uith 
It reissunnce and mil put his mind it rest concerning its significance 
Often It IS necessary also to catnion tlie anxious parents of diildren with 
the milder forms of heart disease concerning the harmful effects of too 
constant i eminders to the child that his heart is crippled and tliat he is not 
like other children Such mi attitude may i ell lead to psychic scars inoie 
SCI lous and dtsabhug Ibau those of (he heart vah cs 

Coming noi\ to the matter of treatment imiall) the first problem to 
lie faced is that of acquainting the patient a ith the fact that his symptoms 
are due to emotional causes rather tlian to disease of the heart itself It 
might be expected that such knou ledge would come to him as a great 
relief and frequently this is the case But by many patients the intimation 
that the heart is noimal and tint tlie symptoms have a psycluc oiigm is 
interpieted as meaning that the symptoms are imaginary and the fiist 
reaction to such a disclosure is apt to be one of strong resentment Such 
a reaction must be prevented at an\ cost for if it occurs the physician s 
usefulness with Uiat patient is ended In no other condition perhaps is 
complete faith in the judgment and svisdom of the physician so essential 
to success in treatment The patients undeistandmg of ll c true character 
of hts complaint must not be gained at the expense of his self respect If 
the necessary time and tiouble are taken it is usually not difficult to con 
since the patient that it is realized that his pain palpitation and dyspnea 
are no less real and disturbing because they are brought about by agencies 
outside the heart itself the really important diffeience being only that m 
his case the symptoms are curable wheieas if they i ere the result of 
organic heart disease they might not be Such a discussion should of 
course be preceded by a thorough and complete examination Often it is 
wise to supplement this by instnimental examinations as well in order 
tlaat when the statement is made that the heart is not diseased it may be 
backed up by as powerful an array of facts as possible The casual 
announcement after a hasty and superficial examination that there is 
nothing the matter with the heart will almost certainly fail to carry 
conviction 

Frequently before any statement is made concerning the nature of 
the heart disturbances it is essential to piobe deeply into the patients 
history from childhood on in order if jossible to bring to light evi 
dences of earlier feais and anxieties which have already been proven 
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groundless Sometimes the patient will be loathe to admit that there has 
been any conscious clement of fear and indeed the emotional reactions 
may ln%e been chiefly m the deep subconscious strata of liis mind 
Usually hotsever if confidence has been established he will be quite 
iMlIing to talk freely of lus past difficulties and can be made to see the 
connection between these and his present symptoms 

If the patient can be persuaded to accept without resentment the idea 
that his symptoms are of nenoiis origin the battle is half won From 
tint point on the treatment consists chiefly m the liberal application of 
the two most generally cffectne remedies in the physicians arraamen 
taruim— reassurance and encouragement Chiefly on tlieir skillful use 
will depend the promptness and completeness of the recovery But the 
reassurance must not be simply that of the spoken word The patient 
must be shown how to reassure himself by a demonstration that his cardiac 
symptoms are made better rather than worse by the exercise and effort 
which hitherto he may have feared to undertake 7 o assure a patient that 
his heart is normal and at the same time to impose various restrictions as 
to Its use IS a contradiction which he will be first to recognize 

Exercise of some foian is iisiially an essential part of treatment It 
serves the double purpose of demonstrating to the patient that his heart 
IS capable of much more than he supposed and of rendering tlie heart less 
irritable and less ready to respond to the psychic stimuli The form of 
exercise to be selected will depend on the special requirements and cir 
cumstanccs of tfie individual patient In one case it may be some outdoor 
sport such as golf or even tennis winch combines recreation with muscu 
far development In another it may be graded room-exercise or gym 
nasium work under the supervision of a trainer 'Whatever the type of 
exercise selected it must be cairicd out regularly and persistently and 
must of course be graduated carefully to suit the capacity of the patient 
As for the use of di ugs ii is the writer s judgment that they should be 
avoided unless theie is a clear and imperative reason for their adminis 
tration The encouraging effect on the pauent of being told that he does 
not need medicine usually for outweighs any transient benefit that may 
be gained from its use If at the onset it seems important to uulize the 
sedative action of such drugs as pheiiobarbital and the bromides these 
should be discontinued just as soon as Uie urgent need for them has 
passed As for drugs such as digitalis and qumidme winch are known to 
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be used for their effects on the heart, riiey can do nothing but barn). No 
intelligent patient can possibly be persuaded that his heart is so7tnd when 
at the same time he is asked to take digitalis. 

In deciding on the advisability of siidi measures as rest in bed, baths 
and massage, tlie guiding principle should be the probable effect of such 
procedures on the mind of the patient. The chief objection to them is 
that they so often ser\’e as a constant reminder to him that he is not well, 
and this mental effect may nullify any physical benefit that might other- 
wise be derived from them. Much the same may be said concerning the 
interdiction of tobacco and coffee. Whenever it is knoum that the use of 
either of these substances is e.\cessive and is contributing to the neurotic 
sjmptoms, they should of course be forbidden; but when there is no 
reason to think that the smoking or the coffee drinking plays any part in 
the production of tire symptoms, it is usually wbe to permit the continu- 
ance of the habit so long as it can be kept within bounds. Every liberty 
of this sort that can safely be gUen will have the effect on the patient of 
encouraging him and of persuading him tliat he cannot be seriously ill. 

From what has been said concerning treatment, it must be apparent 
that, in the writer’s judgment at least, the management of patients with 
cardiac neuroses belongs essentially to the realm of psychotherapy. The 
details of such treatment w'ill, of course, vary with the character of the 
individual patient and with the predilections of the physician. IE the 
latter svill but keep in mind the psychic basis of the neurotic symptoms 
and the need of treating the mind of his patient, rather than the symp- 
toms themselves, and if he can call to his aid a modicum of tact, common 
sense and optimism, he is likely to be rewarded by results quite as brilliant 
and as satisfying as are ever obtained in any field of internal medicine. 
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THE HEART IN ANEMIA 

ILUAM B PORTtR \f D 

The importance of an) gi\cn factor m its relation to the heart and its 
physical and physiological inicgrm js tmmcchatcl} dnisrble into tno 
issues The first is concerned with the effects of the stress or noxious 
agent on the normal heart and the second rvuh these effects on the dn 
eased heart or die heart labonng under an abnormal load Hypertension 
and pregnancy or liypcrthyToidism 

In i8j 7 Bambergerl reported hts obseiaation on patients having 
chronic anemia and concluded that cardiac enlargement was a frequent 
result InineS m 1877 and Barrs 5 m 1891 described in dilorotic indi 
viduals the occurrence of btaiits which were attributed to cardiac dilaia 
lion Hersmani m 1893 described murmurs which disappeared wiili the 
cure of the anemia and GamicrS m 1899 recorded his observations in 
•»*’ cases of chlorosis and found by percussion cardiac enlargcmeni in 
*>0 Caliot and Richardson^ in 1919 found cardiac hypenrophv in 
patients dvmg of pernicious anemia in v\hom no other factor existed to 
account for the enlaiyrement Ball" m 1931 was apparently the first to 
report a case of severe anemia studied with the aid of a tclcoroentgeno 
gram recording a reduction in Jicart size with relief of anemn 

Lunde and Schuellcr'' in 1910 produced cardiac enlargement in dogs 
by rendering the animals anemic and Forman and Daniels^* in 1930 
while studying the effects of certain food on anemia in rats observed that 
the beans of those animals having loss hemoglobin values v\erc consid 
erably lai^er than the hearts of normal animals ‘WHien the hemoglohin 
values fell to 10 Gm the hearts were slightly hypertrophied this liccanie 
marked as the degree of anemia increased At the very lov\ hcmogloliin 
levels from ” Gm to 3 Gm per 100 cc the hearts weights averaged 
approximately three times those of normal animals Elhs and Faulkncri* 
(208) 
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'939 'cpoued the results from a stud) of 47 cases s\iih sarjing degiees 
of anemia Twenty of the 38 cases studied bj \ ra) showed enrdne 
enlargement, and of the a6 who were followed 18 showed a decrease in 
heart si2e witJi improieinent of the hemoglobin Jeiel Ten of die j", 
pitients studied by electrocardiogram showed abnoninl records 



FldM } • 

(^ardioihftfaae dclual 

HeinaglobinCm liatto Transterse Diameter Trannerse 

Date per/OOcc Predicted tlad^andP'jSter Diameter 

t 10 IS 14 »S8 ptr cent D na iiKt mjiteie I^S cm 

G 10 H 127 175 per cent 99 mi 

Flecirocardiograni Smm iad»>canli3 rate !I5 ciihcn\i« normal 

Fiom thest iejfortcd obsettations one nmsz conclude that protraizcd 
chronic nnemns produce significrnt phisicrl changes in the heart In 
1937 the writer'J reported the Jjcart cinnges occurring in hookworm 
anctiin It was realized tint much infwnmioii ms anihblc uluch dcih 
with the rerciion of man to anemn hut the studies weic ronterned with 
rehtisel) 101110 reductions in the ovygen taiTMiig function of tlie blootl 
Iience, the conclusions were applicable m onl> 1 IuTuu.d degree to the 
changes <lc\elopmg in indisuhnU with thromt anemia c\isung oscr 
periods of )car5 Man> fariors contribute to ihe plissiological adjust 


See footnote p 2U 
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menu occurring in anemia of \ar)ing degrees, and duration, and iht 
question nas sshether or not amiomical changes occur in the hciri during 
the etohition of the compensator) processes 

The anemn assoented with liookuorm disease offered an ideal t)]>c ol 
stud) It laried in iniensit), duration and rate of deiclopmem, and ms 



Fk'ike 2* 

CardioiftoTtiac tduiil 

f/emoglobin Cm /talio Tr/inti’erieliiamrlrr Tnnttfrtf 

Pate perlOOee Predicted Ho tgrtand Filter Diainrler 

■ to 10 09 119 per tent HJ «»* 139 tm 

d to 16 9 » 4SS I*<T orciC II I cm 1?S cm 

Elcctroanlicigrafn S iim tfi>thni raw 79 ricettical axic Icfi j fqwnderancc 

tclievable b> medication without the intnMluction of incisures ulucli 
might confuse tJic obscnations In tins studs an incrcisc in nrdiac sire 
ocairrcil in loo per tent of ilit piticnts The din mdicaied lint the 
clnn^cs in heiri size sscre m i few piticnts drt to rcifncildc dihnuon 
(Fig i) , in others to dilintion intl Ii)|»crtropfi) (I ig 2) , and in a ilutd 
group to definite li)pcrtrop!is unassoented wnli rednrilile dilinuon 
(Fig -i) 


• Scf footnote p 211 
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Cardnc li)pertropl!) is nghtl) pliced in the category of organic heart 
disease hence, one is justified m classing chronic anemia as one of the 
etiological factors in the causation of this condition The primary cardiac 
dilatation may be classed as a physiological adjustment mechanism tvhich 
disappears uhen the anemia is relieved yet if those factors which have 



Figure 

Cardioll oracfc /iclual 

ffet itfgloVi I Cl i Jtoto Trantverse D itnelrr Transterse 

Date ferlOOcc PrelicUd Hodges anit Eyster Dia neler 

7 to 3 19 600 per cem tl 3 cm 17 2 cm 

7 to 29 tfeatfi from intcrcxirrcni fli«a e not related to tlie ancm a Aiitopsv Heart 
'\cighi 630 Cm oihcrivise normal 

Flectrocard ogram S nus rhythm me 70 dccmcal aM$ left preponderanci, 

necessitued the dilatation continue there occurs hypertrophy of the 
myocardium which is not leduriWe and is definitely pathological in 
rharacter 


• All figures arc composeti of (he first an I Use teleoroentgetiograms the latter « indicated 
by the daii(»l line The outside fgures lepreswit the measurements m cent meters of the first 
and the ms de figures of the last teleoroenigeiiogrim The hnnoglob n sal les \ ere ohta red on 
the same da) as (he x ray studies 
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The efTects of chronic anemn on the diseased heart or the heart under 
stress of h>pertension pregnane} or li}perth>roidism are of major clinical 
importance The minute aoliime of blood liandlcd b} ilie heart is 
increased b} anemia and the increase in cardiac output is definite]} 
related to the degree of anemia It is apparent therefore that anemia is 
an added dram on cardiac rcsene m aaUular heart disease and hyperten 
Sion and that it defmitel} augments the cardiac load of the pregnant 
woman and the patient aviih h}pertli}roidism Tins adthtioinl work not 
onl} augments the degree bm definitcl} accelerates tlie development of 
cardiac enlargement and freqiienti} precipitates premature heart 
failure 

Several authors have noted the occiinencc of angina pectoris of elTorl 
in patients with anemia 12 13 14 ic ir i- The specific nature of the 
angina s>ndrome has not been definiie]} senled but ji js universally 
agreed that it is concerned with cardiac work and oxjgen supply 

■\Vhen one studies a large number of patients with severe anemias he 
IS impressed by the fact that cardiac pam occurs onl) in the occasional 
patient and that the critical level foi the anemia is quite variable Prac 
tically all of tlte report«I instances have occurred in ]>atients who are in 
the age group to quite logically have degenerated coronary arteries The 
conclusion reached from a correlation of all the a\ iilable facts is that the 
angina syndrome occurs in those anemic patients who have coronary 
artery disease The degree of anemia necessary to precipitate the angina 
syndrome varies from case to case depending upon the physiological 
integrity of the coronary arteries and this m turn is dependent iq>on tlie 
degree of coronary artery disease It is doubtful if angina pectoris regard 
less of the degree of anemia ever occurs m patients with normal coronary 
arteries yet anemia can precipitate the angina syndrome in patients who 
have impairment of coronary circulation thougli no limitation of cardiac 
function be evident when the blood is normal 

Case I W M contractor aged TO First seen September 6 1929 
complaining of siibstcrnal pain and oppression induced Ijy shglit cvcriion 
He Slated that his first svanpioms were noted 14 montlis prcMOusly and 
that they were faiiguc slight dvspnca and siibstcrnal oppression when 
he walked rapidly up slight inclines These svmptoms had gndiially 
increased in mtensitv until at this time he niuld not walk as much as a 
level aty block witlumi cxpenciicing such intense siibstcrnal pain md 
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oppression ihai he ssonld be forced to rest Rest gase him complete 
relief 

Physical Examination The pattern uas a ssell nourished man s>eigh 
ing 196 pounds five feet ten inches in height The mucous membranes 
and skin s\ere manifestl) pale and the tongue svas smooth dean and the 
papillae atrophied The heart s\as normal in size and shape and Uicre 
SNcre no cardinal murmurs The first sound s^as lacking in muscle tone 
and the second aortic sound was amphoric and ringing m qualiu Pulse 
rate 84 sinus rh)thm The peripheral artenes and fundus sesscls showed 
moderate sderosis The blo^ pressure uas 11a systolic and 8 j dia^tohc 
The electrocardiogram showed niodentc left axis det lation and an iso- 
electric T svase in Lead I 

Diagnosis (1) Vngina jiecions (2) coronarv sclerosis (3) j>cr 
niaous anemia 

Coune and Treatment 

September 7 — Hemoglobin 62 j>er cent RHC 2 130 000 
September 8 — Liter thenpt begun 

September 20 — Hemoglobin 76 per cent RBC 3 200 000 On 
this date he could walk on the Ictcl with comfort 
October 10 — Hemoglobin 86 ptr cent RBC 1400 000 No 
stoipfoms with aterage physical ictnit) 

Notcinber 2 — Hemoglobin 01 per cent RBC 5 120 000 No 
sjTOptoms and actiteh engaged in his ^ocl^lon 
This patient was followed for three lears There tns a amsistent 
reairrence of sjinptoms when the bJootl hicls reached hemoglobin /Oi 
and RBC 3 000 000:±r He diet! in 1933 Cause of death \aitr coronar) 
occlusion 
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ue t\aption of ihe portal si^icm. The commonest sue of ongin liois 
e^er is in tlie \eim of the pehis and of the loiter extremiiies tvheie 
ihromln me prone to fomi in post panura and postopcramc patienis or 
m {KUients wiili phlebitis. Less frequent!) emboli ma) arise from sc^c 
rations on the \ahcsof the ng!it heart or from mural thrombi on<»inaiin'» 
m the right auricle Coronarv occlusion mas be complicated b) pil 
niomr) embolism ulien mural thrombi are dislodged from the endo 
nidiiim oserI)ing infaraed arca> in the nght sentricle Of these nrious 
conditions in uliicb embolism ma) anse the most important from tlie 
standpoint of frequency and possible confusion in diagnosis is the jxwi 
ojientne group In tins group embolism is most likel) to occur m indt 
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THE HEART IN PULMONARY DISEASE 

By Thomas M. Durant, M.D. 

Introduction: Pulmonary disease is occasionally responsible for 
serious disturbances in cardiac function. When such a relationship 
between lung disease and the heart exists, the condition has been desig- 
nated pulmomry heart disease or cot pulmonale. The types of pulmonary 
disease tvhich may thus implicate the heart may be conveniently divided 
into two groups, acute and chronic. The acute group consists of cases in 
which sudden obstruction in the pulmonary arterial tree by embolism 
leads to dilatation of the right ventricle. The chronic group is made up 
of cases in which diffuse, bilateral parencitymal disease of the lungs pro- 
duces widespread obliteration of capillaries in the alveolar walls, and 
serious intrapulmonary resistance to blood flow. The right ventricle 
becomes hypertrophied, and eventually incompetent, resulting in con- 
gestive failure. There are also to be included in the chronic group rare 
cases in which primary pulmonary arteriosclerosis produces a similar 
cardiac effect. There is a close analogy between the production of right 
ventricular strain in these cases, and the production of left ventricular 
strain in cases of systemic hypertension. In fact, the term pulmonary 
hyperlensian is commonly used in connection u’ith cases ol palmonar}' 
heart disease, even though measurement of the pressure in the lesser cir- 
culation is not possible by clinical methods 

ACUTE PULMONARY HEART DISEASE 
Etiology: The syndrome to be designated by the term acute pul- 
monary heart disease or acute cor pulmonale has been attributed to 
sudden dilatation of the right ventricle and pulmonary artery, produced 
by embolic blockage of the lesser circulation. The emboli which produce 
this effect may arise in any part of the systemic venous circulation, with 

(215) 
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THE HEART IN PULMONARY DISEASE 

By Thomas M Durant, D 

Introduction : PnJniomr) disease is occasjonalU responsible for 
serious disturbances in cardiac fiinciion U'ben such a relationship 
between lung disease and the heart exists, the condition has been desig 
nated pulmonary heart disease or cor pulmonah The i>pes of pulmonary 
disease sviuch may thus implicate the heart ma> be comeniently divided 
into tsvo groups, acute and chronic The acme group consists of cases in 
uhich sudden obstruction in the pu)monar> arterial tree b> embolism 
leads to dilatation of the right acntricle The chronic group is made up 
of cases in uhtch diffuse, bilateral parench>n]al disease of the lungs pro 
duces ludcspread obliteration of captihnes in the alveolar nails, and 
serious mtrapulmonar> resistance to blood flow The right \cnincle 
becomes hypertrophied, and eveniuall) mcompeicnt, resulting in con 
gcstive failure There are also to be included in the chronic group rare 
cases m which primary pulmonary arteriosclerosis produces a similar 
cardiac effect There is a close analogy bclv%ecn the production of nglu 
ventricular strain m these cases, and the production of left vcntncular 
strain in cases of sjsteniic hjpcrtcnsion In fact, tlic term pulmonary 
liypcrlemton is caintnanly used tn coiiiicctwtt uitb cases of piilmomr} 
heart disease, even though measurement of the pressure in the lesser cir 
dilation IS not possible b) clinical methods 

ACUTE PULMONARY HEART DISEASE 
Etiology: TJic syndrome to be designated by the term acule pul 
monary heart disease or acute cor pulmonale has been atiribiitcil to 
sudden (lihtaimn of the right vcnincle and pulinomry arier). produced 
by embolic blockage of the lesser circulation Tlic emboli which produce 
this cITict liny arise in any jnri of the systemic venous circulation, with 

( 215 ) 
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the exception of tlie poitat sjstem. The commonest site of origin, how- 
eter, is in the veins of the pelvis, and of the lower extremities, where 
thrombi are prone to form in post partum and postoperative patients, or 
in patients with phlebitis. Less frequently, emboli may arise from vege- 
tations on the valves of the right heart, or from mural thrombi originating 
in the right auricle. Coronary occlusion may be tomplicaied by pul- 
monary embolism when mtiral thrombi are dislodged from the endo- 
cardtitm overiying infarcted areas in the right ventricle. Of tfiesc various 
conditions in which embolism may arise, the most important from the 
standpoint of frequency and possible confusion in dhignosis is the post- 
operative group. In this group embolism is most likely to occur in indi- 
siduals over 40 years of age. 

Not all pulmonary emboli produce tlie cardiac cITect known as the 
acute cor pulmonale. Very small emboli clo not do so, and, on’the other 
hand, extremely large ones cause death before this effect is apparent. 
Between the two extremes, however, there is a considerable group of cases 
in which the acute cor pulmonale is an important feature. It seems 
probable, as suggested by Barnes, that reflex sj>asm of some or all of the 
pulmonary arteries at the hilum m.arke(lly cnimnccs the degree of circu* 
latory obsiructiott caused by the emimius itself in these cases. Further- 
more, there is convincing experimentaf evidence iliat a pufmono cardiac 
reflex exists in association with pufnionar)* embolism which intfiices 
significant coronar)' vasoconstriction. T/ic reduction in blood supply to 
the heart muscle which results from this vasoconstricliou undoubtedly 
contributes considembly to the difTiciiJljcs under whicli tJje right ventricle 
is already laboring as it attempts to overcome the obstruction in tlie 
pulmonary circulation. 

The studies of Fineberg and \Viggers have added much to our knowl- 
edge of the circulatory alterations and changes in right ventricular func- 
tion which occur when there is obstruction in the pulmonary circulation 
comparable to that which exists in p«lmonar>- embolism. They have 
found that the rigiit ventricle of the dog is able to compensate for com- 
pression of the pulmonar)- artery up to approximately 58 per cent of its 
total caliber, being able under sucli circumsunccs to overcome the added 
resistance and supply the left ventricle with a normal amotmt of blood. 
One factor shown to be of utmost importance in ibis compcJis-iiion for 
added resistance is the increased initial tension and diastolic stretrh of the 
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ight \entricle Greatei degrees of compression of the pulmonar) artery 
ovenvhelm the compensator) mechanism and there result a diminished 
transfer of blood to the left \eniricle a lowered aortic pressure and a 
diminished coronar) blood flow The lowered blood supply to the 
myocaidium undoubtedl) plays an important role in die e\entual com 
plete failure of the right \entncle Two deductions of therapeutic impor 
tance are made from diese findings The first concerns venesection which 
IS to be condemned on the ground that lowering of senoiis pressure 
reduces the initial tension withm the right sentncular cavity the factor 
shown to be of such importance in die maintenance of normal blood flow 
to the left ventricle The second concerns the importance of attempting 
to maintain an adequate arterial pressure and coionary flow to aid the 
right ventricle 

Chnical Features Tlie svmptoms and signs of acute pulmonary 
heart disease will be considered along with those of the pulmonary 
embolism causing it but special emphasis will be placed on the cardiac 
features The sue of the embohe occlusion determines to a large extent 
the character and se\ent) of the symptoms and signs hen the embolus 
IS V ery large and obstructs a main branch of (he pulmonary artery sudden 
deatii may be the consequence This tragedy may occur entirely without 
warning m a patient whose postoperame course has been apparently 
uneventful Less severe cases experience sudden intense dyspnea and 
thoracic oppression or definite stibsternal pain Nausea and vomiting 
may occur There is noted a sharp drop in blood pressure a rapid 
thready pulse ashy pallor and profuse cold perspiration evidences of 
peripheral circulatoi-y collapse ilhin the first hour or two if death is 
averted the manifestations of shock begin to abate and the signs of right 
beau strain which constitute the acme pulmonai-y heart disease syaidrome 
become apparent The right ventricle has dilated and the conus region 
may impinge on the anterior chest wall resulting in systolic pulsation in 
the pulmonary area This impingement may also cause a friction rub 
along the left sternal border in the second and third intercostal spaces 
The increased blood pressuie within the pulmonai-y circulation is 
reflected in forceful closure of the pulmonary valve and this is made 
evident to the examiner by accentuation of the pulmonary second sound 
The neck veins show distention thus manifesting the rise m systemic 
venous pressure which occurs behind the dilated right ventricle Marked 
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pulsation m the systemic ^elns indicates rehtise tncuspid insufficiency 
Cyanosis which may not ha\e been evident during the shock phase is 
often nou quite apparent In this stage the outcome may still he 
unfavorable due to progressive failure of the right ventricle or there 
may be gradual improvement with restitution of right ventricular func 
tion to normal 

One or two days after the occurrence of the embolic accident evidence 
of the lung involvement (infarction) may become apparent Cough is 
often present and may be productive of bloody sputum limitation of 
expansion on the involved side of the chest dullness to peraission dimin 
islied breath sounds or occasionally bronchial breathing and a pleural 
friction rub over the infarcted area may be noted It should be empin 
sized however that no pulmonary signs may he made out at any time m 
some cases and hemojitysis is often entirely absent Fever and leukocytosis 
are characteristically present within i** to 24 hours after onset 

When small emboli reach the lungs the acute cardiovascular syn 
drome described as constituting the acute cor pulmonale may be either 
entirely absent or very mild In these cases the diagnosis often is not 
made clinically or 1$ suspected only when pulmonary signs or pleural 
pain appear 

Roentgenologic evidence of pulmonary infarction is usually lacking 
in the early stages The tiiangular or wedge shaped radiopaciiy 
classically assoaated with dus condition is seen infrequently even in the 
later stages The usual late findings is a shadow which has no patliog 
nomonic characteristics (K Shirley Smith) 

The electrocardiographic changes associated with pulmonary embo 
bsm constitute one of the extremely interesting aspects of the acute cor 
pulmonale The characteristics of die changes observed and tbcir rajiid 
regression to noimal in nonfatal cases have been summarized by Durant 
Ginsburg and Roesler as follows 

Early clianges (Usually present for only a few hours after onset 
but occasionally persisting to 24 hours) 

1 Intraventricular block of the right bundle branch type with 
broad shallow S waves in Leads I and II 
Marked depression of the ST segment in Leads I and II niay 
be present (Love Bnigler and Winslow) 



THE UE.\KT IN rULMON/\RY IMSFASL 


2 \^ 


I-itcr clnngcc 

1. ReCstnlibiliment of nornnl inira\cnttiruUr c<Hi(!urtjoi» tunc. 

aswKtaial with ihc supplanting of tlic bioad S ^\axc in Ix^adi 
i niul 11 l>\ n of slurp, nirnm lontour. 

2 . \ slo])ing a«cni of the ST segment in lead* 1 and II 
3 A large Q uiif and nnciicd I nase iii l^itl 111 





220 


CARDIOVASCULAR DISEASE 


Electrocirdiographjc abnormalities of the t>pe described above as 
eirl> changes have been produced experimentally by the author by 
meins of large iir injections into the systemic venous circulation of dogs 
Their onset coincides uilh the stiddni dciclopment of nght heart dihta 
tion in these inimals It is suggested that these changes are those of acute 
light heart dilatation uhalexer be the mechanism responsible for its 
development 

Diagnosis The clinical feiimes issoented with the acute cor pul 
momle of pulmonary embolism closely resemble those observed in 
typical cases of coronary occlusion Tins similarity in these two condi 
tions nny lead to considerable difficult) i« their differentiation particti 
larlv in middle aged or elderly postoperative patients The postoperative 
period may be complicated by cither of these disasters m the later decades 
of life Both in the acute cor pulmonale and in coronary occlusion there 
may occur a sudden onset with dyspnea substemal pain nausea and 
vomiting and the nnmfcsiaiions of vasailar collapse The friction rub 
associated with the dilated pulmonary conus of die former condition may 
readily be mjsial.en for that heard Jii infarction of tJie anterior cardiac 
wnll m the latter Tever and leukocytosis are present in both Added to 
the diffiailty of differentiation is the fact that the symptoms and signs 
long considered chiracteristic of pulmonary embolism (hemoptysis 
pleural friction rub aiul the signs of pulmonary consolidation) are often 
absent in ns earlier stages and sometimes also in its later stages 

This diagnostic problem Ins stimulated investigation of electro- 
cardiographic variations as a means of differentiation It has been found 
that while both the acute cor pulmonale and coronary occlusion produce 
serial electrocardiographic cinnges the rapidity u ith tt hich these changes 
regress is much greater in the foimer than in the latter Furthermore the 
pattern of the changes is different in most instances particularJi uJien 
clectrorardiograms taken within an houi or two of the onset of symptoms 
are available for compaiison with later curves 

Treatment The prevention of thrombus formation in the veins of 
the legs and pelvis and hence indirectly the prevention of ptilraonan 
embolism is obviously the ideal in treatment Several regimes have been 
deiised to effect tins result in postoperatire and post partiim patients and 
encouraging results liare been reported The reader is referred to articles 
by Brrnes and by Robertson for further details Reference should also he 
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made lo ilie studies of Murri> and Best and Uieir coANorkers concerning 
the anticoagulant action of heparin The> base demonstrated that tins 
substance, when highlj purified and avell diluted in saline solution ma) 
be safel) injected intra\enQusl) In animals it is cffcctue in the prc\cn 
tion of ilirombosis of aems produced b> airious means In the human it 
has been administered postoperaii\el> but a final opinion concerning 
Its effecli\eness in the pretention of thrombosis cannot be had until a 
\er> large senes of cases lias been studied It is to be hoped that this 
method smII fulfill the expectations based on the results of these pre 
hminar^ miestigatrons 

In the treatment of die attack itself the administration of papas enne 
hydrochloride or of eupaterine is to be recommended as the most 
sailuable remedy asailable at present These drugs arc injected slouh 
by the ititrasenous route in dosage of oo{ Gni gram) anrloofijGm 
(i gram) respectively The injection may be repeated at hourly mtenah 
The beneficial results which Iiate been obtained ujih this therapy may 
be attributed in all probabilm lo relaxation of sjxasm in the piilmonars 
arteries and possibly also to coroinrv ihlantion ^Jo^phlnc or pannj|)on 
hypodermically in dosage of ooiO Gm (14 gram) and oos" Gin 
(ij grain), respectively nnv he used in conjunciion with tins medica 
tinn for more adequate relief of pain Owgen administration is cfFetiive 
m some cases m relieving tfvspnca csanosis and anxiciv and its routine 
use IS to be recommended TItc administration of joo per cent oxygen 
by the newU devised Mavo dime technic (Booihby Mayo and 1 ovclacc) 
IS more elTeciive and less eosilv than the older mcibods of owgcn ihcrapv 
The use of atropine o 001 o 002 Gin to J jj, gram) subcutaneously 
VS indicated as a means of minimizing vagal reflexes which have an adverse 
cf^ect on coromrj hJocvJ flow Rccommcwdcd bv some vcnestcijon is 10 
be condemned on the basis of the studies of rincbcrg and ^\iggcrs {sec 
Etiology) Embolcctomy (Trendelenburg ojvcration) has been aitcmptcci 
vMih success in rare instances 

CHRONIC PULMONARY HEART DISEASE 

Incidence Serious disturbances of earth ic function secondary to 
chronic pulmonary dmase arc rclativch iiucoinmnn Morbidity sniiuifs 
from various parts of tlic Uimcd States inthcate an incidence varving 
from as little as o 7 per cent of all cases of heart disease to as much as 
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5.8 per cent. The latter, high ligtirc is based on the study of 1000 cases 
in the Chicago area (Maher. Sitller and Elliot) , but includes 4t cases 
(4.t per cent) in which cxtrapitlmonary factors also were inrolved in the 
cardiac condition. 

Etiology: Originally the terms “Emphysema heart" and “Chionic 
pulmonary heart disease" were used synonymously. At the present time, 
hotvever, the etiology of this group of cases is recognized as being varied, 
and made up of all diseases whicli produce chronic pulmonary hyper- 
tension and thus lead to right ventricular strain. The various diseases 
which belong in this category will be considered separately. 

Pulmonary Emphysema: The commonest cause of chronic pulmonary 
lieart disease is pulmonary emphysema. Isaakson in 1871 demonstrated 
the widespread nanowing, with subsequent thrombosis, rupture, and 
atrophy, of the pulmonary cipillaries in empltysema. This anatomical 
disturbance is now tvell recognized as the basis for the development, in 
sequence, of pidmonary hypertension, right ventricular hypertrophy, 
and finally, right ventricular dilatation and failure in advanced case.s. In 
a recent post-mortem study, Griggs, Coggin and Evans found right ven- 
tricular liypertrophy in 28.9 per cent, and definite congestive failure in 
22.3 per cent of .^5 uncomplicated cases of emphysema. 

Pulmonary Tuberculosis: Careful roentgenological and post-mortem 
studies have demonstrated conclusively that right ventricular hypertrophy 
may occur as a result of tuberculous pulmonary disease. There is no 
agreement, however, as to the frequency with which such involvement 
of the heart does occur. Nemet and Rosenblatt reported exclusive hyper- 
trophy of the right ventricle in 33.8 per cent of 71 post-mortem cases. On 
the other hand, Griggs, Coggin, and Evans found only 3.7 per cent pure 
right ventricular hypertrophy in 1470 cases of tuberculosis uncompli 
cated by other pulmonary disease. The latter figure, based as it is on a 
large series of cases, must be considered the more accurate, and is in better 
accord with the general opinion on this subject. 

Con'^esiive failure supervenes in occasional cases of pulmonary tuber 
culosis. In the post-mortem studies of Griggs, Coggin and Evans, previ- 
ously mentioned, 1.8 per cent had definite congestive failure. No state- 
ment is made as to the relaiionsliip of such a serious cardiac sequel to 
the degree of tuberculous puImonai\ involvement. In the author’s 
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expeuemc it is on!) in cases o! advanced bilateral disease that right heart 
faihne occurs The roentgenogram and electrocardiograms from an ilJus 
train e case are reproduced in figure z 

^:oulubercttlous Pulmonary Ftbrasts Diffuse bilateral fibrosis of (he 
lungs due to chronic nontuberculous infection (e g , bronchiectasis) . or 



Ficlre 2 Chest X ra> and clecirocardiognitos of a 63 %ear-old male vith pulmonan 
itiijercuiosis and right heart tajliirc Tlic \ ray dcravtistraics the bilateral fibroid tulier 
culous lesion with spontaneous pneumothorax or large attty at ihc right apex Spiuum 
positive for tubercle bacilh The first electrocardiogram t\as taken at a iiine uhen 
dichac failure tsas severe and shoivs right axis deviation wiihout P n-ave changes Treat 
mem consisted m a period of complete bed rest digiuluaiinn oxjgen mbahtion and 
diuretics and resulted m a complete disappearance of the signs of failure The second 
eJccirocaidipgrani u'ss taken sesen months later and shows a normal axis but abnormallj 
tall broad P vsases in Leads If and Iff The changes in the S T segment are i?ie result 
of digitalis administration The imprivement resulting from treatmcni m this case has 
liecn maintained up to the present one sear iftnr the second electrocardiogram (Temple 
l/niversit) Ifospical case) 

to inhahiion of silica laden dust, ma) produce cardne mvohement m the 
same manner as m tuberculous infection The pneumoconiosis group is 
of sufficient importance to u amni separate consideration 

Fnejinioconiosw This form of pulmomrj fibrosis, uhich is such an 
inipoitant industrial hazard, is frequciitl) the cause of pulmonary heart 
disease m mining regions where anthracosihcosis rather than pure 
siljcosis, occurs (D>son) Pure silicosis leads to enrl> disabilit) and death 
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from silicoiuberculosis, thus allotving insufficient time for the de\elop 
ment of cardiac manifestations A tillable statistical study of this subject 
IS that of Coggm, Griggs and Stilson. i\lio found right ventricular hyper 
trophy to be present in approximately one half of 102 autopsy cases of 
pneumoconoiosis Definite congestive failure vsas more frequent m these 
cases (51 per cent) than vas tuberculosis (40 per cent) The conclusion 



Ficlrf 3 Client \ ray and electrocard ograra of ^ year old male iMth advanced 
anthncosiltconc and clironic pulmonary heart disease Enlarged pulmonary conus indi 
caied on \ ray by arrou Dccirocardiogram shores normal axis uith large broad P wares 
in Leads II and III Tests of arculatory function in this case indicated, incipient right 
heart failure Death resulted howeser not from congesiise failure but from acute 
miliary tuberculosis which developed a few weeks after tlie abote x ray was taken 
(Temple Unirersuy Hospital case) 

IS reiched from these studies that if pneumoconiosis is uncomplicated by 
tuberculosis or other pulmonary infection deatii from cardiac fnlure is 
to be expected in a considerable percentage of cases 

Fiirure 3 illiistntes evidence of clironic pulmonary heart disease by 
roentgenogram and electrocardiogram in a case of inthracosilicosis 

Bronc/iial Asthma Bronchial asthmi, v\ hen long standing and sev ere, 
leads to definite right ventricular hypertrophy MacDonald reported 
eight fatal cases in vthich postmortem examination verified this fact 
However, congestive failure secondary to bronchial asthma is rare Alex 
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anclcr, Kotintz, and Lutcn ha\c suggested that the heart maj be proiecied 
dunng an attaeJ^ of astinna by the incicased imrarhoracic pressure Tvhich 
results in a reduced return of \enous blood to tlie heart and a reduction 
in the wotk required of the heart. 

Mediastinal Distortion: Drastic dtsplaccmcnt of the mediastinal 
structures to right or left, often associated isith rotation of the heart on its 
longitudinal axis, ma) result in cardiac embarrassment. Conditions u Inch 
may cause such extreme displacement incliide. Fibroid iiiherculosis; non 
tuberculous infections leading to pulmonary sclerosis, neoplasms, and 
deformities of the spine or chest ssall It is difTiciilt in these cases to dis 
tinguish between sj-mpioins due to the primary condition iesjx>nsiblc for 
the displacement, and those due to the displacement itself. That tachy- 
caidia ma) be due alone to displacement lias been pointed out b) Hal 
bloin, who showed that it may persist esen though Uie pulmonary disease 
be inaciise, and that it is rchexed directly following thoracoplasty 

Rfienwatic Pneumonitis: Patients svho hate sulTercd from long 
standing rheumatic infection frequently present, in addition to chronic 
damage of the licart \aUcs, an interstitial pneumonitis s\ith h)pcrplasia 
of clastic tissue. Pretiousl) it W'as assumed th.it this change in the lungs 
was a result of long-standing pulmonary congestion due to mural stenosis 
The studies of Goule) base shown, however, that, while congestion 
intensifies the fibrosis in the lungs, it is onl) a sccondar) factor m the 
production of fibrotic changes. Pnmaiily involved is a chronic rheu 
matic interstitial pneumonitis, which, hkc rheumatic m)ocarditi5. is 
often acconipaned by evidence of recurrent infliinination llic right 
heart failure which tharacicristically terminates rheumatic heart disease 
may then result, at least in part, from fibrotic pulmomry disease, with its 
rf*swJ/a»i jjjrrrased capillary icsistance to blood flow, ratlier than from 
mitral valvular disease. Gonley has shown that such failure ma) occur 
even in the absence of signific.int mitral valvular tlysfunciion Such cases 
as these could he coircctl) classified, then, as examples of piilmon.in lic.irt 
disease of rheumatic origin. 

Pitlmonaty Arlenosrlerosis: Cases in which sclerosis of the pulmomry 
circulation is of dinical significance arc rare, even though some degree 
of pulmoji.ary sclerosis is found almost constaml) at autopsy (nreimct^ . 
Those instances in which right vcntriailar enlargement and failure ilo 
occur as a result of primary pulmonary vascular disease arc mamlv cases 

17 
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of diffuse arteriolar sclerosis kauinp and Dry recentl) reported 13 such 
cases m 1 1 of ^vlncli there nght ventricular hypertrophy of a degree 
companble to the severity of the sclerosis Seven of these showed a sink 
ingly uniform clinical picture and terminiied m a dramatic type of con 
gestive fiilurc with cyanosis and enure hck of response to treatment 
The use of the term Ay enas disease as applying to these cases has fallen 
into disrepute because it is a nondescriptive term and because there is no 
general agreement as to what it signifies 

Syphilis of the Pulmonary Arteries This is an extremely rare condi 
tion Brenner reports that there are only 14 cases m the literature in 
which the diagnosis is reasonably well proven 

Clinical Features The symptoms and signs of clironjc pulmonary 
heart disease are first those associated vvith tlie primary pulmonary dis- 
ease and second those producetl by the secondary cardiac dysfunction 
The pulmonary symptoms and signs need not be discussed in this chapter 
since such a discussion would be beyond the scope of this book but it 
should be emphasized that dyspnea due entirely to the primary pul 
monary disease is very commonly encomnered The presence of this 
symptom then does not necessarily indicate cardiac failure as it so often 
does in other forms of Iieart disease Cyanosis likewise may be due 
enurely to lung pathology though it is frequently aggravated when 
cardiac failure ocairs 

Two stages may be recognized in the development of the pulmonary 
Iieart disease syndrome The first is that during which right ventricular 
hypertrophy is developing as a response to pulmonary hypertension but 
during which maintenance of circulatory efficiency persists At this time 
there is seldom any evidence of cardiac involvement which can be 
detected apart from roentgenologic and electrocardiographic study 
There are no symptoms other than those which can be accounted for by 
the lung disease and on physical exammauon accentuation of the pul 
monary second sound due to pulmonary hypertension may be the only 
cardiac finding Tlie roentgenologic and electrocardiographic abnor 
maliues which have made possible a rw-ogmtion of the disease process in 
this sta»e will be discussed later Patients generally remain in this state 
of compensated heait disease for a considerable period of time often 
years before passing gradually into the second stage 




Ficuse 4 A Pulmonar) enjphjswna »»ih chronic pulmonar) heart d seajc in a male 
aged 66 Dppnea and productive cough for five ^cats Congestive failure for tuo v ccKs 
prior to fint admission to hospital Nfarked unprovenieni on rest digiulmcion diuretics 
and oxygen inhalation Second ntiad. of congestive failure stx monllis later resulting in 
death in spite of treatment "nie roentgenogram taken m the roimnc posteroantenor 
posii on shoivs ibe contour of the Jieari lo be iJnt of enJargement of the outflow tract 
of the right venmde The convexit} of the left mid lie border (arrow) represents 
enlargement of the pulmonary artery as is well shot n by the post mortem specimen from 
this case photographed in a jvosiiion corresponding to tliat of the hmri in the roentgeno 
gram D Same case as m Fig 4 f Rocnigcnogram and post mortem specimen in the right 
interior obliijue position Dte convexity of the nudvcntnl portion of the cardiac sil 
hoiieitc IS seen to lie formed by the pulmonary artery in its upper portion and by the 
pulmonary conus m cfic lower (Temple Uaisersity Hospital case) 
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In the second stage, that of right heart failure, the well-known mani- 
festations of decompensation of the right venti iclc ajipear. These include: 
Increased venous pressure; enlargement of the liver, edema of the 
dependent parts, albuminuria, and other evidence of renal congestion in 
the urine, and, in advanced cases, ascites and hydrothorax. Enlargement 
of the heart may be detected on physical examination, although this is 
often very difTicult in the presence of emphysema or other advanced 
pulmonary disease Auricular nbrillation is seldom present, in contiasi 
to Its frequent occurrence in rheumatic and arteriosclerotic beau disease 
Gallop rhythm may be heard along the left sternal border. Its presence 
indicates that the prognosis is very poor. In cases which have reached an 
advanced stage of cardiac failure the course is often a progressive one in 
spite of treatment. 

Roentgenologic exaimnation of the chest is of paramount impoitance 
in pulmonary heart disease In the first place, this study will yield 
important information concerning the character of the pulmonary disease 
present. In the second place, a careful examination of tlie heart contour 
will usually gne evidence of cardiac involvement, when such is present, 
by demonstrating enlargement of the outflow tract of the right ventricle 
(Kirch, Assmann) . The latter is an im|)ortaiu early indication tiiat ptd 
monary hypertension exists, and may be recognized when the normal 
concavity of tlie left border of the cardiac silhouette is replaced by a 
bulging convexity rejiresenung enlaigeinent of the pulmonary artery and 
conus (Figures 3 and j A and 5). Tins bulging convexity is usually 
more marked m the right antenoi oblique position than in the antero- 
posterior. When there is uncertainty .as 10 the status of the right ventriai 
lar outflow tract in the conventional roentgen examination, accurate 
measurement of the individual cliambers of the heart and of the thoracic 
blood vessels may be achieved by the method of Robb and Steinberg 
This method consists in the rapid intravenous injection of 70 per cent 
diodrast, followed by the taking of roentgenograms at short intervals to 
visualize the passage of the dye through cardiac chambers and thoracic 
blood vessels This method has greatly extended the value of roent- 
genology in the diagnosis of early chronic pulmonary heart disease. 

In the later stages of dironic pulmonary heart disease enlargement 
of the body of the right ventricle is added to the earlier outflow tract 
enlargement, atid there will be noted at this time a prominence of tlie 
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right ventriculat contour in the left anteiior oblique position Enlaige 
ment of the right am icle is seen infrequently There is usinlly no increise 
m the trans\erse diameter of the heait a fact uorthy of considerable 
emphasis since tins measurement is so often relied upon as an index of 
cardiac size 

Mitral stenosis and certain forms of congenital heart disease (notably 
pulmonary stenosis and patent ductus arteriosus) are important causes 
of enlargement m the right \emncular outflow tract and must therefore 
be differentiated from pulmonary lieart disease In initnl stenosis there 
will be evidence of left auriaihr enlargement demonstrable in the lateial 
projection witli a barium filled esophagus Left auriculai enlargement is 
only rarely observed in pulmonary heait disease Congenital abnormali 
ties may usually be differentiated by the history and physical findings 

A sign frequently observed fluoroscopically :n cases of advanced pul 
monarv emphysema or fibiosis is inspiratory distention followed by 
expiratory diminution of the cardiac silhouette more marked on the 
right side tlian on the left (Roesler) This sign is a manifestation of 
marked diminution in lung tissue elasticity When lung function is so 
impaned the pulmonary tissue cannot rapidly adjust itself to changes 
in tlie volume of the thorax The respiratory movements of the chest 
wall are thus transmuted to the heart Whether or not this effect plavs 
any significant role in the eventual development of heait failure xs 
not known 

The electwcardtogiam may or may not prove of diagnostic value in 
cases suspected of having chronic pulmonaiy heart disease IVhen definite 
Tight axis deviation is present and is not accounted for by the presence of 
mitial stenosis or congenital heart disease it is of considerable value 
Howevei in many cases of chronic cot pulmonale a nonnal axis or even 
left axis deviation may be found This is particularly true m cases of 
emphysema wuli coexisting hypertension of the greater circulation 

Abnormalities of the P wave are found in some cases and when pres 
ent are of diagnostic importance Tliese changes consist in increased 
height and breadth of the P waves in Leads II and III (Figs ■» and 3) 
Notching is raiely seen During peiiods of congestive failure the enlarge 
meni of tliesc waves may disippeir leippciiing with return of com 
pensition (Fig •>) The P wave enIaTi,eineiit so conunoidy seen in cases 
of mural stenosis is usually most marked in Leads I and II and 
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conspicuous notching is frequently present. In congenital pulmonary 
stenosis increased height of the P waxes is not associated x\ith hiCTeasetl 
xvidth. 

Studies of the Circulatory Function: \'arious tests of circulatory 
function are of diagnostic xalue in many cases of pnlinonary disease. 
Oppenheimer and Hitzig have extcnsixely inxestigated this sulijcct. They 
haxe shown that, in uncomplicated pulmonary dise.ase these tests arc 
normal This is also true cx'cn in the early stages of pulmonary heart 
disease w'hen right xeniricular enlargement is present, but in which 
decompensation has not occurred. The presence of nbnormal circulatory 
measurements indicates that pulmonary iusufficicncy is complicated by 
myocardial insufficiency. The myocardial failure may be incipient or 
frank isolated failure of the right heart resulting from the pulmonary 
disease, or it may be due to tmrelated. coexisting cardioxMSCular disorders 
which produce either left x’cntricular or iinixcrsal heart failure. Incipient 
right heart failure is characterized by the presence of a normal initial 
xenous pressure and a xarying rise in this pressure during compression of 
the right upper quadrant of the abdomen. The arm tolling circulation 
time (ether time) may or may not be prolonged, and the lung-io-iongue 
time (saccharin time minus ether time) is normal. In frank isolated 
right Iic.art failure there is a high initial venous pressure, a considerable 
rise in pressure on right upper quadrant compression, a prolonged arm* 
to-lung time, and a rclatixely normal lung to longue lime. Left heart 
failure (due to coe\isling cardioxascular disease, such as hypertension or 
coronary disease) is characterized by a normal initial xenous pressure, 
with or xsitliout a rise on right upper quadrant compression, and a con 
siderably prolonged lung to tongue time. Unixersal heart failure, 
secondary to disease of the left heart, and possibly to pulmonary disease 
in addition, combines these features of left and right heart failure. 

Diagnosis: The folloxving criteria should be established before 
making a diagnosis of chronic pulmonary heart disease: (i) The pres- 
ence of pulmonary disease of a type xvliich may be responsible for hyper- 
tension of the lesser circulation, and, (2) cxidence by roentgenogram 
or electrocardiogram of right heart hypertrophy, not explained by the 
presence of mitral xalve disease or congenital cardiac abnormality. Right 
xentricular failure in a patient presenting these qualifications is further 
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evidence in favor of such a diagnosis, but need not be present. Circula- 
tor)' measurements may indicate incipient right heart failure in the 
absence of other findings usually relied upon for a diagnosis of myocardial 
insufficiency. These measurements may also aid in differentiating cases 
of pulmonary' heart disease and those of pulmonary' disease in which 
there is a coexisting cardiac condition of a type unrelated to the lung 
pathology. 

Treatment; Consideration must be given both to the proper man- 
agement of the primary pulmonaty disease, and to the manifestations of 
cardiac failure "when these appear. The former is of extreme importance 
in the prevention of the latter, but its consideration would be extraneous 
to the scope of this volume. 

Treatment of cardiac failure complicating pulmonary disease consists 
in the judicious use of those measures universally employed in mjocardial 
insufficiency, regardless of etiology, namely: Rest: digitalis, and diuretics 
Digitalis is frequently of value in alleviating symptoms in the earlier 
stages of failure, but the effects to be expected are not as dramatic as 
those often produced by it in left ventricular failure. Diuretics are indi- 
cated when frank riglu-sided failure has occurred. Special mention should 
be made of the value of oxygen administration, a method of treatment 
emphasized by Barach. Cases of pulmonary disease of sufficient severity 
to cause cardiac embarrassment show either a diminished oxygen satura- 
tion of arterial blood, or nonnal oxygen levels maintained at the expense 
of increased ventilation. Continuous administration of an oxygen- 
enriched atmosphere to these patients relieves dyspnea and reduces pul- 
monaiy' ventilation in most instances. Intermittent oxygen theiapy may 
be used several times daily over long periods of time with considerable 
success in alleviation of symptoms and in prolonging life. Relief of 
myocardial anoxemia may well be an important factor in the improve- 
ment experienced by cases so treated. 
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CHAPTER Xm 


THE CARDIOVASCULAR SYSTEM WITH 
RELATION TO THE KIDNEYS 

By J. M. Hayman, Jr., M.D. 

Introduction: ^Vhile the function of every organ in the bodj is 
dependent on an adequate blood supply, die relation between the cardio 
vascular sjstem and the kidnejs is particularly intimate. Bier expressed 
this in sa)ing, “The heart and kidne)s together secrete the urine.” The 
relation is a reciprocal one. Ine/ficienc)' of tJie heart, with diminished 
blood flow or inadequate blood pressure leads not onl> to a decreased 
urinary’ output, but to the appearance of abnormal constituents sudi as 
albumin in the urine. Primary kidney disease of certain types on the 
other hand leads to an elevation in blood pressure and all the train of 
events in tlie cardiovascular system included under the term "hypertensive 
heart disease." 

^Vhile the processes involved in the founation of urine in the kidney 
are extremely complex, physiologists are now pretty generally agreed on 
the fundamental importance of tw'o mechanisms, glomerular filtration 
and tubular reabsorption. As blood flows through the glomerular capil- 
laries, there is separated from it, by a purely physical process, a protein 
free u/craff Icrafe o£ plasma, containing all the dissoh ed substances present 
in plasma. Except for minor differences in the concentration of certain 
electrolytes due to the impermeability of the nonnal glomerular mem- 
brane to protein, and which is spoken of as the "Donnan effect," these 
dissolved substances are pr^nt in the glomerular filtrate in the same 
concentration at whidi they exist in plasma As this glomerular filtrate 
passes down tlic renal tubule, it is modified by the active reabsorption 
of water, glucose, sodium, chloride, etc., by the tubule cells and the ilif- 
fusion of a certain amount of waste products, sudi as urea, which have 
been concentrated in the lumen of the tubule by the reabsorpuon of 
( 234 ) 
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uater, back from tubular lumen into peritubular capillaries In addition 
to these ttvo processes of glomerular riltrition and tubular reabsorpuon, 
there is con\incing evidence that at least certain foreign substances as 
plienolsulfonphthaleni, diodrast, and hippuran aic transferred from the 
peritubular capillaries to the lumen of the tubule by secretion i 

In order that tliere may be filtration in the glomeruli, tliere must first 
of all be an adequate blood pressure in the glomerular capillaries to over 
come the osmotic pressure of the plasma proteins and to drive the filtrate 
through the tubule In the frog glomerular capillary pressure averaged 
per cent of systolic aortic pressure 2 m tlie isolated pcifuscd main 
mahan kidney ^Vlnlon‘^ estimated the glomerular pressure as two thirds 
of the mean aortic pressure Applying these cKpcrimcni il icsulis to man 
would indicate that with a mean aortic pressure of no mm Hg glomcr 
ular capillary' pressure would be about Co or 70 mm Hg Tht coHoid 
osmotic pressure in man averages about 25 mm Hg, leaving a filtration 
pressure of 35 or 45 mm Hg Urine formation must of necessity slop 
when systolic aortic pressure falls to 50 mm Hg as a matter of fact 
hovsever, it usually ceases when systolic pressure has fallen to about 
75 mm Hg or even higher figures in patients with Jiypericnsion and 
marked sclerosis of the smaller renal aiicnoles Systolic blood pressures 
of 75 to 80 are not infrequctitly encountered in severe coronary occlusion 
as well as in surgical shock and Addison $ disease It is obvious that under 
such circiimstinccs little 01 no cvcrction of urine will occur, and that 
attempts 10 produce diuresis by drugs which act on the kidney arc bound 
to fail Attention must be directed toward improvement of the circula 
tioii and elevation of blood pressure If this is accomplished urine cxcrc 
tion will take caie of itself When these low blood pressures have lasted 
/or some hours or days there ntll 0/ course, be retcnctoit 0/ uaste products 
m the body with elevation of blood urea niirt^cn etc 

It was stated above that the normal glomcruhr membrane is iinpcr 
meablc to the plasma proteins and tint the glomerular filtrate is protein 
free If however, blood /low and conscqncmly oxygtii sup^ily 10 a 
glomcuiUis IS reduced the |X.imeal)ility of the mcinbnnc is increased v> 
that It leaks piotcin Ifernnmi* dcinonstraicd years ago (iSOa) tint 
transient albutmtunia followed tcmpoiary compicssion of ihc renal 
artery Subsequent work has shown that the glomciulns is the structure 
in which the escape of protein m tins condition takes place StarrS 



GARDIOVASCUL\R DISE/\SL 


>30 

showed that transient albuminuna followed rcml vasoconstrticiion pro 
duced b) a \inet) of means such as infusion of adienahn inhalation of 
CO2 ephedim or fright Tliese observations v\eic explained by the con 
ception that renal vasoconstriction causes increase m the duration and 
extent of the normal intermittent interruptions in the glomerular circu 
laiion Permeability of the glomerular membranes is so incicased by 
tJiese lengthened interruptions that when blood flow is reestablished 
albumin escapes This conception may apply to those albuminurias in 
man w Inch result from severe muscular exercise or from emotion or which 
are produced reflexly It may explain the occurence of albummuria in 
the urine of normal people 

CONGESTIVE HEART FAILURE 
The most marked albummunas from partial asphyxia of the glomcr 
ulai membrane probably occur in congestive lieart failuic Here there is 
an increase in venous pressure and a diminished cardiac output botli of 
uhicli decrease the rate and volume of blood flowing througli the kid 
neys The urine output in congestive heart failure is usually reduced in 
pioportion to the degree of failure The specific gravity is higlt and the 
urine contains a considerable amount of pioiein hyaline and granular 
casts and not infrequently an abnormal number of red blood cells Kid 
ney function as measured by the excretion of pbenolsxillonphtbalem or 
clearance tests is reduced "WTicn Uie urine volume is reduced to a jxiint 
where for a given speafic gravity it is too small to contain all the waste 
lint must be eliminated per day nitrogen as urea and crcatimne and 
other substances accumulate in the blood 

TJie degree of nitiogen retention may be surprisingly great figures 
that are usually considered indicative of uremia being not infrequently 
encountered However nonprotein nitrogen values above lOO usually 
are indicative of some preexisting kidney disease or a purely renal com 
plication All these evidences of kidney disease improve or disappear 
with the restoration of cardiac compensation These abnoianal findings 
should not be taken as justifying a diagnosis of cardiorenal disease 
They are simply the result of inadequate renal blood flow Of course a 
patient may have organic kidney disease cither glomerulonephritis or 
neplirosclcrosis in addition to cardiac failure But I know of no way to 
estimate the degree of such pretxisung kidney insufTiciency in the pres 
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ence of cardiac failure. Such studies must wait until compensation has 
been restored. A concentiation test lun while a patient is losing edema, 
for instance, is meaningless. 

It is in the edema of heart failure, svitlr normal or relatively normal 
kidneys, that diuretics are most effective.O But all of them arc more 
effective after the patient Jias been digitalized than before. Digitalis itself. 



Digitalis I 5 Cm — tl«cn 0.1 Cm. dailjr 


Ftcvttc 1. The prolonged diirrrsM pr/xloml by digiiaJjs In wng«u»r Ijcari f.uJurr 

of course, is one of the best diuretics, and is sufiicieni by itself to get rid 
of the edema in a large percentage of cases. Moreover, the diuresis from 
digitalis differs from th.at of other diuretics in being nnich more pro- 
longed (Fig. i). TJjis diuretic action is due ciuirely to ijnprovcmcni 
ill the circulation, and is not due to any direct action on the kidne>s. 
Tlir presence of albumin in the urine is not a conhninrliealion to the 
exitibilion of the mercurial diuretics, salyr^an or jnrrci<//fin'n. if these are 
indicated. Since their action is due to the inliitiition of water rcaf»- 
sorption by the luhule cells, the integrity of these cells as indic.nc'tl by the 
excretion of a mine of t.oiS or alwc is the triicria for iJjcir use. If 
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urine specific gravity is fixed at about 1.010, they will not only be useless, 
but may do harm. 

The use of “acid producing” salts, ammonium chloride, calcium 
chloride, or ammonium nitrate, with a mercurial diuretic usually 
increases its effectiveness. They- are all irritant to tlie stomach, and if they 
produce vomiting not only disturb the patient, but may lead to a relative 



FiCLfiE 2. The increased ciiurnes muall)' obtained by amnioiiium 

chloride with a mercurial diuretic 

alkalosis, which diminishes the mercurial diuresis. If these “acid pro- 
ducing” salts are to be used at all, they must be given in large doses, from 
6 to 10 Gm. daily, for if they do not give a fall in plasma carbon dioxide 
they are of no value. The work of Dennig. Dill and TalbottT showed that 
the degree of acidosis ivas greater on the second or third day of adminis- 
tration than subsequently, even when the drug was taken continuously. 
These salts should, therefore, be given intermittently, preferably for two 
days before and on the day the mercurial is given (Fig. 2) . 
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The presence of an) considerable isates may make sufficient pressure 
on the renal \eins to interfere r\ith the renal circulation and lead to 
oliguna That this mechanism does occur rvas demonstrated expen 
mentall) b) Schmidt and Thonngion s In such cases digitalis ma) lead 
to other evidences of improvement in the circulation but little diuresis 
uhile a paracentesis will give a prompt diuresis even without digitalis 

ACUTE NEPHRITIS 

Although edema and blood) urine are piobabl) the two symptoms 
which are most commonly associated with acute diffuse glomerular 
nephritis changes m the cardiovascular system are just as constant Of 
tiiese elevation in blood pressure and dilatation of the heart are the most 
important IVliile the fact that blood pressure is elevated in acute nephri 
tis IS quite commoni) recognized the effect of acute glomerulonephritis 
on the heart has received but scant attention in this countr> until reccnil) 
\et tlie occurrence of heart failure m acute nephritis was pointed out b) 
Goodhart in 1879 Volhardo has emphasized the frequenq of dyspnea 
orthopnea and pulmonar) edema and believing that acute left ventricu 
lar failure is the most common cause of deatli holds that every acute 
nephritic should be regarded as an acute cardiac case Franke 10 Alwens 
and Afoogii and others have shown roentgenologically 1 definite 
increase in the cardiac area early in the disease which returns to normal 
during convalescence 

Levyi2 emphasized tlie importance of recognizing acute circulator) 
decompensation in acute glomeruloneplmtis while Fishberg^^ believed 
that although evidences of a slight degree of cardiac insufTicienc) as pal 
pitation and d)spnea are common severe cardiac insufficiency is unusual 
Usually the apex is displaced down and out and the area of cardiac dull 
ness IS increased both to left and nglu A mitral s)stoUc murmur accen 
tuated aortic second sound and gallop rli)tiim are not uncommon There 
are moist rales in the chest but increased venous pressure and enlarge 
raent of the liver arc found onl) in the severer cases Fishbcrg believed 
the heart rate is accelerated even m the milder cases while Volhard 
found a tendency to brad)cardia m acute nephritis winch lie attributed 
to the acute increase in blood pressure He believed a rate of 50 to Co 
per minute is usual m mild cases and a favorable sign while the more 
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usual pulse rate of about 8o a unusual and a signal to look for signs ol 
cardiac embarrassment Rates o\er loo mean danger 

Master Jaffe and Dacki4 ha\e reported the electrocardiographic 
cliangcs in 24 cases of acute glomerulonephritis and reviewed the litcra 
tiire There asere significant abnormalities in ig of the 24 The princijxil 
changes inrohed the T iva\e the aunculosentriailar conduction tunc 
(P R interral) and the initial positive deflection in die precordial lead 
Except for premature beats the onlj significant arThjthmia nas a single 
instance of auricular flutter Preponderance of the left \entncle nas 
present in nine patients but in onl) three did it appear or disappear 
under obscnation The changes in the T uavc rvere progressive fre 
quentl) from da) to da) In some it became large and pointed more 
commonl) loi\ or more often inverted In these a close similarity to the 
sequence in m)ocardnl infarction was noted although definite RT 
abnormalities were lacking 

It has usuall) been assumed that the strain placed upon the left ven 
tricle b) the sudden rise in blood pressure in acme nephritis vvas the cliief 
cause of the cardiac insuflicienq This explanation does not seem satis 
factor) For not uncoinmonl) patients with but mild evidence of renal 
damage as measured b) albuminuria or hematuria present the severest 
degree of cardiac insufficienq Furthermore it is unlil.ely that a heart 
of normal structure would fail in the presence of such a transient and 
moderate increase in work It does not fail for instance in the parox)SiTial 
h)pertension due to a tumor of ihe adrenal medulla or increase in intra 
cranial pressure The changes m the electrocardiogram are those usuall) 
considered indicative of diffuse m)OC3rdial damage StonelS has rcportetl 
an instance of irteriolitis in the heart in acute nephntis Evidence of all 
sorts is accumulating avlucb indicates that acute glomerular neplintvs vs 
not a disease vvhosc pathological changes are confined to the kidne)s but 
one in which there are widespread vascular changes throughout tne bod) 
Tlie involvement of the heart is the result of vascular and not of renal 
damage 

In addition to the usual dietetic measures emplo)ed in the treatment 
of acute nephritis special attention must be given to the heart Often rest 
m bed is all tint is required Whenever there is evidence of rardne insiif 
ficicnc) digitalis should lie given Rccatisc of the common presence of 
nausea and vomiting this must frequcnil) be given b) rcciiini or intn 
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venously Caffeine is occasionally useful but must not be thought of as 
a diuretic in acute ncphntis Here all diuretics are ineffecti\e until the 
mflammator) process in the kidneys has subsided The most cffectne 
measure in acute myocardial failure avith pulmonary edema is venesection 
with the removal of 300 to 500 cc of blood This may be a lifesaving 
procedure 

CHRONIC GLOMERULONEPHRITIS 
Cardiac symptoms are much less common or prominent in clironic 
glomeiulonephntis ilian in arteriolar nephrosclerosis or as it is also called 
essential hypeitension The cardiac symptoms which do occur in 
chronic glomerulonephritis are usually proportional to the degree and 
duration of the hypertension 

During the earlier stages of chronic nephritis extremely high blood 
pressure readings are uncommon Half of Volhards cases had systolic 
values between izo and 180 mm Hg In some patients the diastolic 
pressure is elevated out of proportion 10 the systolic so that readings of 
18^30 obtained This however is not always so There is less 

tendency for marked fluctuation in blood pressure than there is in early 
essentia] hypertension The hypertension results in hypertrophy of the 
left ventricle but this is often relatively slight and the heart may be able 
to cope wath Uie increased work for years without dilatation 

YYhile slight dyspnea on exertion is not unusual severe degrees of 
cardiac failure are uncommon the chief danger always being the progres 
sive renal insufficiency There are however some longstanding slowly 
progressive cases of chronic glomerulonephritis in which the clinical 
picture of cardiac insufficiency develops YVith the long-continued Jjype’' 
tension the left ventricle gradually fads rollowmg this a tram of symp- 
toms including dyspnea cardiac asthma gallop rhythm and attacks of 
pulmonary edema make tlieir appearance Artemi symptoms such as 
angina pectons cerebral angiospasm and spasms of peripheral vessels 
which are so common m primary hy pertension are unusual 

Cerebral hemorrhage is also distinctly uncommon m glomeruJo 
nephritis But this disease usually occurs in relatively younger individuals 
whose cerebral aiterics are rarely atlieromaious YYheii weakness of the 
right heart also develops engorgement of the liver peripheral edema 
and all the other evidences of congesuve heart failure appeal It is to be 
18 
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emphasized that ^vhile such a patient has chronic glomerulonephritis, Uiat 
under these circumstances the edema is cardiac, and not ‘‘nephritic," and 
that the treatment should be that ordinarily emplojed in congestise fail- 
ure. Fell and SteuerlC found tliat digitalis svas just as effective in the 
presence of nephritis, and that the dosage svas tlie same as in the non- 
nephritic. It must again be emphasized that marked cardiac insufficienc) 
in the preuremic stages of glomerulonephritis is not common. ^VhiJe 
dyspnea may be troublesome, both the acidosis resulting from tlie reten- 
tion of fixed acids and the anemia contribute to this. 

As a rule, tvith the development of symptoms of true uremia, signs of 
cardiac insufficiency also make their appearance. It might be thought that 
the cardiac ^veakness ts'as primary, the diminished blood flow leading to 
oliguria, svhicli prevents the maintenance of the compensatory pol)uria, 
and that consequently retention develops and uremia supervenes. Tliis 
conception, however, is not consonant with the clinical observation that 
unmistakable signs of fatal uremia, as uncontrollable vomiting, peri* 
carditis, and marked nitrogen retention, may come on without .any sig- 
nificant decrease in urine volume There is no doubt, however, that tite 
association of cardiac insuffidency and deepening uremia is not coinci- 
dental. For in every case, urine volume, dependent on the renal circula- 
tion, U Tehtivelf reduced: thac is, if is inadequate for the eUmtnatian of 
waste at the low concentration which can be attained in the damaged 
kidney. 

On die other hand, m every case the heart may he considered to oe 
inadequate to meet the demand for increased blood flow imposed by the 
loss of concentrating ability by the kidney. It seems that some retained 
waste product, or other change in the composition of the blood in uremia 
exerts a directly deleterious effect on die heart. Tims ^Vood and WhiieiT 
found dianges in the electrocardiogram which varied from day to day. 
Extrasystoles, transient auricular fibrillation, and pulsus altenians arc 
common. The uremic pericarditis was first noticed by Bright. Its etiology 
has been much discussed, and while some have thought it infectious, die 
exudate is usually sterile, and it would seem that it is most often, if not 
always, a sterile inflammation due to some substance retained in the blood 
as a result of kidney insufficiency. 
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ESSENTIAL HYPERTENSION 

The symptoms, clinical picture and treatment of this condition are 
discussed elsewhere. In this chapter we are concerned only with the rela- 
tion of the kidneys to the elevated blood pressure of essential hyperten- 
sion. As Volhard has remarked, the problem is a beloved but annoying 
child of internal medicine. 

More tlian loo years ago, before blood pressure had been determined 
in man, BrightiS observed Uie frequent coexistence of cardiac enlarge- 
ment, thickening of the arteries and renal disease of various kinds. Find- 
ing no obvious cause for the cardiac hypertrophy in the heart or great 
vessels, he attributed it to an effect produced by an altered state of the 
blood which he felt convinced was caused by the renal disease He may 
thus be regarded as the first to postulate the renal origin of hypertension 
Traubeio was the first to express a definite view of the relation between 
kidney disease and hypertension, but regarded the latter as the direct 
result of the increased resistance offered by the narrowed renal vessels 
Tltis view has no physiolt^ical basis, and has been abandoned by all 
except those addicted to teleological explanations. 

Gull and SuttonSO confirmed Johnson’sSi demonstration of lesions 
in the small vessels of other organs than tlie kidney. Impressed by the 
widespread nature of the process, which they called “arteriocapillary 
fibrosis,” they concluded tliai diffuse vascular disease was a pathologic 
entity and could be responsible for an increase in arterial pressure. Gull 
and Sutton thus founded a school which stressed the nonrenal origin of 
Jiypertension, and has had numerous followers to the present time. 

“With the introduction of the sphygmomanometer into clinical medi- 
cine by von Basch, attempts were naturally made to correlate elevation 
of blood pressure with changes in the blood vessels. But many cases were 
found which showed definite elevation in blood pressure, in which 
arteriosclerotic changes were either absent or minimal. TJiesc cases 
von Basch22 called “latent aneriosclcrosis.” Huchardss in France, 
Allbutt24 in England, and JanewaySO in this country, believing that the 
organic disease of the arterioles was not sufficient to produce enough 
increase in peripheral resistance to account for the observed elevations in 
blood pressure, suggested that this was due to widespread vasoconstriction. 
According to this hypothesis, functional vasoconstriction was primary, 
organic vasailar arteriosclerotic changes secondary. 
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Up to the turn of the centur) there uert three schools of thought 
concerning Uic intenrehtion of hypertension irtenosclerosis and reml 
disease (i) The followers of Bright who belietcd that hypertension 
was due primarily to renal disease (2) the followers of Gull and Sutton 
who ascribed hypeitension to widespread aasculai disease and regarded 
the renal lesions as purely secondary and (3) those who bclie\cd with 
\llbutt that hypertension avas due to generalized aasoconstriction unre 
lated to renal disease -ic 

\\ ith the separation of contracted kidneys into two groups an infiain 
inatory and an arteriosclerotic by Jores 2 " and by Volhard and Talil 28 n 
distinct adaance a\as made It was now generally accepted that hyper 
tension was the result of primary renal disease in glomerulonephritis 
polycystic kidneys obstruction of the urinary passages and renal 
panaitentis In the oilier and numerically largci group of patients who 
showed hypertension during life and only artenosclerotic changes in the 
kidneys at autopsy the hypertension has usually been regarded as not of 
renal origin Fishberg for example m the third edition of his book says 
The concept of essential hypertension includes those cases of chronic 
hypertension which neither clinically nor anatomically can he demon 
strated to hi\e evolved from antecedent inflammatory disease of the kid 
neys or urinary obstruction ^\^llIe under this definition admittedly 
unsatisfactory elevation of blood pressure from adrenal or piumary 
'’Umors bulbar poliomyelitis etc would be included he concludes that 
by far the most common vanety of csvcntnl hypertension is a constitu 
tional familial and heieditary disease 

The usual arguments against the renal 01 igin of essential hypertension 
have been (a) The frequent discovery of elevated blood pressure before 
there are any lecognizablc signs of impairment of renaf function ( 0 ) the 
fact that in a large percentage of these cases renal insuflicicncy never docs 
become manifest and (c) the failure to find any anatomical signs of 
renal disease in some of these cases Tlie vast majority Iiowever do shoiv 
moic or less vascular disease which is frequently more marked in the 
kidneys than elsewhere For example Bell and Clawsoiro found renal 
arterial disease in 98 per cent of 420 cases of hypertension and Fishhcrg 
found some change in each of 72 cases stiuhed Only Montz and Oldt 
among icccnt workers have allribiiiec! particular significance to the iciial 
lesion In a careful objective study of arteriosclerotic changes in the ves 
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sels of the Msceia and ntuscles from loo patients witli hypertension and 
lOO i\Uh normal blood pressures they found a high degree of correlation 
between the presence of renal vascular disease and hypertension and no 
such correlation between arteriosclerosis elses\herc and hypertension 
The uhole aspect of the problem has been changed and the lelation 
of kidney disease to hypertension greatly clarified by the recent iniestiga 
tion of Goldblatt 3 i and his assoaaies The importance of this ivork can 
hardly be over emphasized Impressed by the frequent association of renal 
vascular disease and hypenension Coldblatt argued that If oiganic dis 
ease of the kidney be tlie initiating factor tn the pathogenesis of benign 
essential hypertension then this disease is in ail probability the arteriolar 
sclerosis w hich is so frequently associated tvith this condition If arteriolar 
sclerosis limited to the kidneys can be the primary factor m initiaung 
this type of hypertension then the necessary conditions for the establish 
ment of tlie renal origin of essential hypertension upon an experimental 
basis siiould be the production of hypertension m animals by any method 
which will produce at least tlie physiological effects of such renal vascular 
disease Since there is no known way of producing arteriolar sclerosis 
localized to the kidney it was thought that the effects of arteriolar disease 
could probably be produced by constricting die mam renal arteries 
This he did by means of an adjustable silver clamp which could be 
applied to the mam renal arteries and so adjusted as to produce any 
desired degree of reduction m their lumina Blood pressure was meas 
ured eidier by direct puncture of die femoral artery by a needle con 
nected to a mercury manometer which gives mean pressure or by the 
van Leersum method In this latter the carotid artery is placed in a tube 
of skin in the neck so that a suitable small cuff can be placed around it 
md systolic pressure determined as in die ordinary Rita Roect method 
When a clamp was applied to one of the main renal artencs in either 
dogs or monkeys and moderately tightened there followed in the course 
of die next couple days a rise m blood pressure of around 50 mm Hg 
winch however usually fell toward or to normal in the course of weeks 
or months 'When both renal artenes were constricted the hypertension 
persisted indefinitely Goldblait has had such dogs with systolic blood 
pressures of 200 to 240 under observation for more than five years These 
animals furthermore m spite of tlieir elevated blood pressure do not 
show any decrease m kidney function as measured by urea or creatinine 
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clearance tests or concentrating ability or elevated blood nitrogen If in 
such an animal, ivith persistent hypertension. Goldblatt loosened the 
clamps on the renal arteries, die blood pressure promptly fell to normal. 
Constriction of oilier arteries, femomls, splenic, or splanchnic did not 
produce any elevation in blood pressure. If, houeser, a clamp was placed 



around the aorta just abo\e the renal arteries, the animal developed 
hypertension, while if it was placed below the rcmls no change in blood 
pressure followed. These results have already been ronfirmcd by several 
other investigators. In these animals, the only significant abnormalities 
in the vascular system that Goldblatt has observed have been degenerative 
changes, mainly intimal, in the arterioles of the retina and the thicken- 
ing of the media of the arterioles m the other organs, especially skeletal 
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muscle Other %\orkers ha\e also reported cardiac hypertrophy in sucli 
animals 

If the degree of constriction of the renal arteries is made extreme 
Goldblatt finds that the animals not onl) deselop renal insufficiency and 
die m uremia but that m some there deselops widespread fibrinoid and 
hyaline degeneration with necrosis of arterioles peiechne in intestiml 
tract serous membranes and many organs but not in the ischemic kid 
neys Tliese lesions are similar in all resixxts to those obsened m the 
acute malignant phase of essciitialhypertension m man (Pig 3 ) 

Pathogenesis The patliogenesis of this espertmental hypertension 
has already been the object of a great amount of study It seems obvious 
that the increase in blood pressure must be hrougbi about by a general 
increase in periplieral resistance just as it is assumed m human essential 
hypertension Since in these animals ifiere C 4 an be no initial organic 
change in the peripheral portion of the whole vascular tree the problem 
IS narrowed to the cause of the functional vasoconstriction which follows 
narrowing of die renal arteries 

Neglecting ilie teleological explanation of a purposeful elevation m 
pressure to improve renal blood flow only two mechamsins suggest them 
selves either a nervous reflex from die ischemic kidneys which affects the 
general vasomotor apparatus or a humoral mechanism initiattd by the 
ischemic kidneys due to the fonnation or accumulation in the blood of a 
substance which directly or indirectly constricts the peripheral vessels 
The possibility that such a substance might act on capillaries or by neu 
tralizing a natural depressor substance must also be mentioned 3 i 

Many experiments from Goldblatt s group and from others hav c failed 
to sliow that a nervous mechanism has anything to do with this type of 
experimental hyperteiision Thus denervation of the renal pedicle sec 
tion of the splanchnic nerves and excision of the lov er four thoracic sym 
pathetic ganglia section of the anterior nerve roots from the sixth dorsal 
to the second lumbar and even excision of the enure sympathetic nervous 
system in ibe thorax and abdomen or jHthing hav c failed 10 prev ent or to 
cure die hypertension On the other hand if one kidney is removed and 
the other transplanted to the neck so that there can be no j>ot«ble ihrcci 
connection between kidney and nervous system elevated blood pressure 
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de\eIops ^\hen its artery is constricted ^2 Thus a humoral mechanism is 
left as the only probable mechanism 

At the end of the last century Tigerstedt and Bergmann33 obtained a 
rise in blood pressure in anaesthetized animals by injection of saline 
extracts of normal kidneys, and actually suggested that there might be an 
increase m this pressor substance, uhicli they called renmn in the kidneys 
of hypertensives Some investigators confirmed Tigerstedt and Berg 
mann, others did not, while ColIip34 obtained a nonspeafic" pressor 
principle from a variety of tissues Goldblatt’s work has naturally siiniu 
lated renewed interest in such experiments 

LandisSa and his collaborators have prepared an extract of normal 
kidneys which elevates blood pressure without diminishing skm tempera 
ture or reducing the amplitude of arterial pulsation Harrison and liis 
coworkers, 3C and Prinzmetal and Friedman 37 have reported a larger 
amount of pressor substance in extracts of ischemic kidneys of expcri 
mental hypertension and arteriosclerotic human kidneys than in similar 
extracts from normal kidneys Fasciolo, Houssay and Taquini38 have 
recently reported that when an isdiemic kidney from a dog whose renal 
arteries had been compressed for from 3 to jo days is transplanted into 
the neck of an anaesdietized nephreciomized animal, and the necessary 
vascular anastomosis completed with carotid artery and jugular xcin, the 
blood pressure of this animal promptly rose 30 to 70 mm Hg, and then 
remained stable at this figure or sbglitly lower Moreover, the trans 
planted kidney could be removed and placed in the neck of still another 
animal which in turn showed a rise in blood pressure 

Attempts to demonstrate a vasopressor substance in the systemic or 
renal venous blood of hypertensive animals and man have not given 
uniform results Most observers have failed to demonstfate svvdv a swb 
stance in the blood of dogs with experimental hypertension due to con 
striction of the main renal arteries Houssay and Taquini, however, 
reported that diluted plasma fiom such animals exerted an intense vaso 
constrictor action on the vascular system of the toad, while similar diUi 
tions of normal plasma had no effect The results of tests made on the 
blood in human essential hypertension, both benign and malignant, have 
been contradictory Some obtained pressor effects and others did not 
The transfusion of large amounts of blood from a patient with hyperteii 
Sion to one vuth a normal blood pressure was without effect 
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Goldblacc and lus colhbontors ha\e thus been the first of a %\hole 
arm) of tsorkers to be able to produce an experimental ]i)pcrtension in 
animals winch closel) resembles essential hypertension in man It can be 
produced at will persists indefinitely and is not accompanied by any 
evidence of renal impairment as judged by the usual criteria This expen 
mental hypertension is due to interference ^ ith the circulation through 
the kidneys and is independent of any leflex or innuence of the central 
nenous system The hypertension results from the liberation into the 
general circulation of some substance acquired by the blood as it passes 
through the ischemic kidney Whether any of the endocrine glands play 
an intermediary role in the production of this experimental hypertension 
IS still a little unceitain Of these the adrenal cortex appears the most 
likely to be of any importance Goldblait found that bilateral adrena 
lectomy presents the development of persistent hypertension while on 
the other hand in acute experiments Houssay did obtain a rise in blootl 
pressure when an ischemic kidney was transplanted to the neck of a 
nephrectomued adrenaleciomtied dog This point will requiie further 
study 

Tlie failure of any operation on the nervous system to innuence 
experimental hypertension produced by constriction of the mam renal 
arteries does not controvert the results that have been reported following 
the same surgical procedures in the ireaimcin of hypertension in man 
If part of the renal ischemia in man were due to spasm of renal arterioles 
rather than to organic changes improvement of the circulation through 
tlie kidneys might result from the various surgical operations on the 
nervous system as a result of relaxation of these arterioles The fact that 
lowering of the blood pressure has been reported in about the same pro 
portion of cases foffowing various procedures which directly or ludi 
rectly affect the vasomotor nervous mechanism m the abdomen may well 
be due to impiovement of the renal circulation and not as has been sug 
gested directly to the relaxation of the arterioles in a large part of the 
vascular bed of the abdomen This may also be the mechanism of the fall 
in blood pressure which is so frequently observed following prolonged 
vacations or relief from finincnl or emotional tension for ihc renal ves 
sels appear to be particularly susceptible to v isomutor impulses 

One obvious surgical procedure which suggests itself is a result of 
Goldblatt s work and to vdiich GoMblatt himself was the fust to cilJ aiten 
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lion, IS the possible improsement of the blood supply to the kidney by a 
revival of the old Edebohl's operation of renal decapsulation. In Uic 
animals with experimental hypertension the deselopment of an effective 
accessory circulation by way of the ureteral and capsular vessels at times 
led to a return of the blood pressure to normal. Since the constriction is 
only of the main renal artery such accessory circulation can be of func* 
tional significance. Unfortunately in human essential hypertension, since 
the constriction is usually due to disease of the smaller arterioles, col- 
lateral communications with the larger vessels would not presumably 
improve the blood supply to glomeruli and tubules The cases in which 
Uie production of accessory circulation would be most effective would be 
in those rare instances in which the hypertension is due to sclerosis of the 
main renal arteries or their larger branches The difficulties of such a 
clinical diagnosis are obvious. 

One very interesting practical application of Goldblatt's work has 
been the discovery in children and adults of hypertension associated with 
unilateral pyelonephritis and vascular disease and the prompt return of 
the blood pressure to normal after removal of the diseased kidney. Such 
cases have been reported by Butler, Barker and Walters, -to and others. 

Patients with essential hypertension constitute by far the largest num- 
ber of the group that used to be called "chronic interstitial nephritis," 
although for a number of years before Goldblatt’s work, it was thought 
that the kidney disease had nothing to do with the condition. Fishberg 
expressed the consensvis of opinion "that available evidence demonstrates 
clearly that renal involvement in essential Iiypertension is purely sec- 
ondary', the sequence of events being that hypertension leads to arterio- 
sclerosis and the resultant narrowing of the renal arterioles produces 
multiple foci of atrophy of the renal parenchyma.” 

Just as Goldblatt’s dogs showed persistent elev.ition in both systolic 
and diastolic pressures without detectable evidence of renal impairment, 
so the great majority of pauents with essential Iiypertension do not show 
any significant impairment of kidney function. It should be emphasized 
that less than lo per cent of these patients die in uremia, or present 
evidence of renal insufficiency before death. Tlie great majority succumb 
to cardiac failure, cerebral hemorrhage or intercurrent infection. In most 
of these patients, tests of kidney function, either the concentration test 
or urea clearance, are w'ithin normal limits. .At times there will be a low 
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excretion of pbenolsulfoiiplitlialein ivitli a normal concentrating^ ability, 
but this is more properly related to cardiac weakness than to renal impair- 
ment. The urine in this group is of normal volutne, does not contain an 
abnormal number of red cells, and frequently no albumin. Other patients 
may shou* a slight transitory' albuminuria, often related to periods of 
cardiac weakness, while still oilicrs excrete a small amount, less than a 
gram a day, of protein constantly. 

The logical method of treating these patients would be to attempt 
to improve their renal blood flow. At present direct methods for such an 
approach have not jet been developed. Quite possibly the benefit that is 
not infrequently seen to follow periods of rest and relief of nervous and 
emotional strain in patients with essential hypertension is the result of 
improvement in the renal circulation, for the kidneys are richly supplied 
by vasomotor nerves, Certainly nothing except harm is accomplished by 
restriefion of protein or salt or any other particular hgiedicnt in the diet, 
nor have any drugs been, found to be of real value. The general manage- 
ment of essential hypertension is discussed elsewhere in tliis ^olume, 

A smaller group of patients with essential hypertension do show mod- 
erate impairment of kidney function. This is related to the number of 
glomeruli destroyed by the arteriosclerotic process.'ii Such patients, after 
several or many years of hypertension, may be unable to concentrate their 
urine above 1.015 have urea clearances of 40 to 50 per cent of the 
normal. They excrete a moderately increased volume of urine, and often 
have some nocturia. By virtue of this “compensatory” polyuria, they are 
spared any retention of nitrogen in the blood, nor do they develop any 
anemia, which is so constantly found in chronic glomerulonephritis. 
Although the destruction of glomeruli in the kidney by the arterio- 
sclerotic process is progressive, it is usually so slow that the patient dies 
of cardiac failure or some other cause before the kidney mass has been 
reduced to a point which precipitates uremia. The number of glomeruli 
remaining in a kidney does not bear any relation 10 the reduction in its 
weighCsince the amount of scar tissue, pelvic fat, etc., differs tremen- 
dously in different individvials .42 

Finally, there is a small group of patients, usually in the sixth or 
seventh decade of life, who have had hypertension for many years, and 
who, we may suppose, have unusually good hearts, who develop kidney 
insufficiency and die in uremia. Counts of the number of glomeruli in 



2j2 


C.\RDIOV/\SCUL \R DISC/\SC 


such kidne)s at autopsy show a marked reduction entirely comparable 
to that found in patients dying of chronic glomerular nephritis There 
are normally about one and one quarter million glomeruli jier kidney, 
and this must be reduced to below 500 thousand and usually to below 
300 thousand before uremia detelops (Hg 4) These individuals are 
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unable to excrete a urine above i 010 or r ois specific gravity and have 
clearances of less Uian 10 per cent of normal 

Phenolsulfonphtlnlein output is likewise markedly reduced usually 
to less than five per tent in two houis I he uniit volumt is incicascd 
unless cardiac failure is present and the unne iiiiy tnmam catisidcriblc 
numbers of red cells The hematuria dtffeis from tint of chronic 
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glomeniloncplititis houe\cr, m this vr\) While in gloincruloneplintis 
the hcimturn is consnnt, d ly in nnd diy out in irici lol ir nephrosclerosis 
It IS usuall) intermittent, the patient showing a number oE red cells for a 
di) or so, and then \oiding clear urine This htmatuna is much more 
frequentl) due to rupture of a small \csscl in one of the papillae or in 
the lower unnarj tract than lo glomerular damage 

It should also be mentioned that uremia nn> at times he prccipit itcd 
in patients with a fair amount of renal rcscrae !>> cardiac failure or an 
intercurrent febrile affection Fither of these ma> lead to an oliguria 
which in the presence of moderate iinjiairraent of conccniraung power 
causes retention m the blood and the consequent train of urenue 
symptoms 

There is a second group of patients with hypeitcnsion who show 
marked renal impairment usually at the tunc when they first come under 
obsertation These are often s|x>kcn of as malignant hypertension 
They are usually young at times in the teens more often in the twenties 
or thirties The blood pressiue is apt to be \cr> high cardiac hypcriiophy 
marked hypertensue neurorciinojiaihy is present and t}»e development 
of renal insufnciency rapid At autopsy in addition to artcnosclerottt 
changes there is neciosis in thcwalls of the smaller arterioles of the kidney 
and at times m other organs and reactive cJjanges in ihe glomeruli Tht 
course is a rapidly progrcvsive one death m uremia usually taking place 
within a few months after the patient first comes under observation 
Occasionally, patients with benign hypertension and who Iiave shown 
little or no deaease m kidney function over a periotl of years undergo a 
sudden change for the worse manifested by a sharp increase in the 
decree of hypertension and rapid vliminution in kidney function At post 
mortem e\amination lliest puicnts also show the arteriolar neoosis 
characteristic of malignant sclciosis 

Etiology TIic cause of malignant hypertension is entirely 
unknown Goldbhtt has produced ilie dmical picture in dogs as well as 
all the cfnractenstic pathological findings by severe constriction of tljc 
renal arteries It seems not unreasonable to assume that in humans the 
condition is likewise the result of profound sudden renal tscliemia Eut 
wc arc at present completely ignorant of the factors leading to such a 
rapidly developing icnil ischemia 
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Prognosis; The prognosis of essential hypertension, as far as tlic 
kidneys are concerned, depends upon the presence and degree of impair- 
ment of renal function. When a concentration test shows a inaximiini 
specific gravity below 1.015 clearances below 35 per cent of normal in 
a young individual with hypertension the outlook is usually very poor. 
In such patients the renal Impairment usually progresses rapidly to 
nitrogen retention and death in uremia within months or a year or two. 
In older individuals, past 50, the tempo of tlie development of the renal 
lesion is usually much slower, so slow indeed that as has been empha- 
sized above, these patients usually succumb from cardiac failure or cerebral 
accident before the renal lesion has progressed to the point of kidney 
insufficiency. An occasional patient develops significant nitrogen reten- 
tion and tolerates it remarkably well for relatively long periods, even a 
couple years. But once acute uremic symptoms have developed, par- 
ticularly if there is accomp.anylng heart failure, the end is not far off. 

Treatment: Unfortunately, there Is little that can be done for the 
renal lesion in essential hypertension. In the early stages, the present 
evidence indicates tiiere is diminished renal blood flow, usually the result 
of arteriosclerotic narrowing of the smaller renal arterioles, while in ific 
later stages there is a reduction In the number of nephrons. Neither of 
these are amenable to ireaimeni at the present time. In the absence of 
nitrogen retention there is no evidence that restriction of meat or other 
protein in the diet, or of salt, lias any cfTcn either on the renal lesion or 
on tlie hypertension. 

It must not be forgotten that essential hypertension is a chronic dis- 
ease, and that prolonged protein restriction is apt to result in anemia, 
losveted plasma proteiru, and oilier symptoms of malnutrition. Diuretics, 
aside from wnter, are usually ineffective. W’ith loss of concentrating 
power, urine volume must be increased to prevent nitrogen accumulation 
in the blood, but as a rule little is to be gained by a fluid intake in excess 
of 3000 cc. daily. In cases with a tendency to cardiac edema and impaired 
concentrating posver the dilemma is a real one, the renal condition calling 
for abundant fluid intake, the cardiac for its restriction. Under these 
circumsuinces an unsatisfactory middle ground is the usual comprombe. 
Occasional!) in such cases, one of die xanthine diuretics, theobromine 
sodium saliqlate, iheophyllin or aminopliyllin arc helpful. These must 
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be gi\en intermittentl)i for if idinmistrition is continued the diuretic 
action IS lost They are best prescribed in courses of tuo or three days 
uith an equal time intertal between AVhen there is any edema or other 
evidence of cardiac failure digitalis should be given m the usual manner 
There is no basis for the fear that it will ruse the blood pressure 
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CHAPTER XIV 


THE HEART IN DISEASES OF THE GLANDS 
OF INTERNAL SECRETION 

By David Barr, M.D 

DISEASES OF THE PITUITARY GLAND 
PITUITARY INSUFFICIENCY CSiiamoads' Disease. Pituitary DwaiSsio) 
Destruction, re^lO^.•lI or functional insiifliciency of the pituitary gland 
is follotved by a generalized atrophy of all organs and especially of the 
thyroid, suprarenals and sex glands ^Vhlle the heart participates in Uus 
wasting process, clinical evidence of caidiac weakness is not usually 
apparent. Patients with pituitary insufficiency are, however, subject to 
attacks of extreme weakness and collapse which resemble those seen in 
association with Addison's disease. Such crises are accompanied by low 
blood pressure and are probably attributable to secondary* imolvement 
of the suprarenal glands. 

ACROMEGALY AND GIGANTISM 

Eosinophile tumors of the anterior lobe of the hypophysis are usually 
if not always responsible for die development of the clinical syndrome 
of acromegaly and preadolescent pituitary gigantism. They produce 
somatic changes almost the exact opposite of those found in pituitary 
insufficiency. There is a general overgrowth of all structures most obvious 
in the bones, but affecting practicilly all tissues of die body. The heart 
may be enormously enlarged. While this is perhaps chiefly attributable 
to the pardcipation of the he.irt in a generalized hypertrophy, there are 
many cases in which the enlargement is out of proportion to that obsen ed 
in other structures. One contributory factor may be hyperthyroidism, 
vshich has been noted in approximately 50 per cent of acromegalics. 
Diabetes, a frequent concomitant may predispose to coronary disease. 
Changes in the v'ascular system may be evident eaily in the disease. Later 
a more or less marked arteriosclerosis is an almost constant concomitant, 
w (257) 
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1 he Wood pressvue is \mible in souk, l iscs bctiijj ^s low as loo or less 
ulule in otiiers it has exceeded 200 mm Hg 

The size of some icrom^ilic hearts is trul) surprising Zondeki 
olisersed indiognnis of the heart uith transverse diameters from 15 to 
17 G cm In Dean Lewis case- a man six feet two inches in height and 
wcigliing 250 pounds disj)h)cd a heart at autopsj which weiglied C20 
Gm kraus'' studied a man fne feet ten inches in height whose heart 
weighed 950 Gm \fost remarkable of all is the case which was 
reported bj Osborne -t This man was studied over a period of approxi 
imtclj si\ 5 ears At the time of his death he was 48 ^ears of age His 
height was five feet nine inches and it was estimated that he weighed 
approximately 300 pounds He died of syncope and in a manner 
resembling lint described by Mane and typical of death in acromegaly 
The heart was enormous It weighed 1103 Gin (2 pounds g ounces) 
and measured 15 inches in its greatest circumference Tlie will of 
the right ventricle was 54 thickness while tint of the left 

ventricle measured 7 /g inch TJie valves weic normal except for some 
slight thickening at the edges of the aortic cusps Tlie wall of die aorta 
was not diseased The coronaries were not occluded but were tremen 
dously enlaigcd so tint they admitted an ordinary lead pencil It could 
not be stated with certainty whether hyperthyroidism had contnbiiied 
to the enonnous cardiac hypertrophy The thyioid gland however was 
enlaiged and there was m die upper mediastinum an extra thyxoid 
which was thought to be hy|)erplastic Tint the enlargement of the 
heart was not due entirely to secondary factors sucJi as hy perthyTOidism 
IS indicated by the fact tint the weight of the liver and of the kidneys 
was more than twice the avenge normal 

In the e^T]} stiges of prcadoJescent pituitary gigantism there may be 
extraordinary strength and vigor Later most of the giants have become 
pitifully weak with edema of the extremities and other evidences of 
circulatory insufiiciency The exact status of these cases has been 
inadequately analyzed When one considers however, the enormous food 
requirement of some of the larger giants it seems not unlikely that 
vitamin B deficiency may at times play a role in die circulatory failure 
PITUITARY BASOPHILISM (’CusAinff’s Syadrome) 

Basophile tumors of the pituitary gland have been not infrequently 
accompanied by a group of syanptoms which include painful obesity of the 
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fice neck nnd trunk with i remirkible nbsencc oE ht deposits on the 
legs nnd trms hirsutism with the foinntion of -i mustiche or e\en i 
betrd in women polycythemn decalaRc'ttion o£ bones tending to affect 
tiie spine more thin Uie rest of tlie skeleton and resulting in a marked 
upper dorsal kyphosis impotence m men and amenorrhea in women and 
not infrequently a glycosuiia oi eten frank diabetes c One of the most 
striking characteristics of the disease is hypertension In the series col 
lected by RaabT this was seen m out of “6 cases in whicli the blood 
pressure was mentioned The hypertension has aaried between 
and Cases watched o\er long periods may tempoiarily display 

lower systolic pressures but the diastolic pr^sure tends to remain con 
stantly elevated Owing to the dramatic chaiactei of other symptoms the 
beau m Cushings syndrome has not atii acted much specialized study In 
autopsied cases in which the heart has been described however hyper 
tiophy sometimes quite gross has been a feature Arteriolarscleiosis may 
be extreme In Gouleys® case m which the blood pressure was recorded 
at death occurred from apoplexy There was diabetes and a 

malignant form of hypertension with seveie and rehiively acute arteriolai 
disease in the kidneys and to a less extent in the pancreas The heart v as 
enlarged and weighed over 480 Gm No specific vasculai or valvular 
lesions of the heart were noted At present u cannot be stated with cer 
tainty whether tlie enlargement of the heart is entirely a result of the 
long continued high blood pressure Although cases have been reported 
with elevated basal metabolic rates hypenhyioidism is by no means a 
constant feature of pituitary basophilism and the hypertrophy cannot 
usually be attributed to an associated hyperthyrroidism 

DISEASES OF THE PARATHYROID GLANDS 
General Considerations Diseases of the parathyroid glands prevent 
problems of great interest because of the accompanying vaiiation in the 
calcium content of the serum and because of the known physiological 
effect of calcium concentration upon the contractility of cirdiac muscle 
Under normal conditions calcium is maintained m the serum with 
constancy at a concentration of approximately 100 to no nig per cent 
In hypoparathyroidism following the removal or destruction of ilie gland 
the serum calcium may be reduced to a level as low as 4 o mg per cent 
the lediiction being chiefly if not entirely in the Fraction which may be 
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considered ph>siologically acme On the other hand in hyperparathy 
roidism ivhich accompanies hyperplasia or adenomas of the gland the 
calcium level has been recorded as high as 29 4 rag per cent Again this 
extraordinary increase cannot be ascribed to a greater concentration of 
protein or of other factors binding calaum m an inactive form but must 
be attributed to an increase in tlie physiologically active fraction 

The effect of varying calcium concentrations upon cardiac function 
has been extensively studied In perfusion experiments it has been found 
that the presence of calcium in the circulating medium is necessary for 
the contraction of cardiac muscle A frog s heart perfused uath sodium 
chloride solution soon ceases to beat but can be restored by the addition 
of calcium and potassium to die perfusion fluid On the other hand 
calaum salts themselves are toxic when their concentration is unduly 
increased or when they are not properly counterbalanced by sodium and 
potassium ^\uhm certain ranges the isolated heart of the frog is 
extremely sensitive to relatively small changes m calaum content of the 
nutrient fluid Indeed the response is so delicate that the frog heart 
preparation has been used as a means of estimating physiological vana 
uons in the ionized calcium of serum and other body fluids 0 In the per 
fused rabbit heart it has been shown that slight vanauons in the calcium 
concentration of the perfused fluid produce notable changes in the force 
and duration of systole 10 

HYPOPARATHYROIDISM 

From these experimental observations it might be anticipated thnt 
the heart would be notably affected by the reduction m serum calcium 
which accompanies hyjxiparatliyroid tetany Actually the clinical mam 
festations of functional cardiac clianges have not been obtrusive During 
the frequently long course of the disease the pulse blood pressure and 
circulation are usually maintained at essentially normal levels The 
electrocardiogram however has revealed changes which are worthy of 
note and which are in general similar to those which have been observed 
in experimental animals Particularly notable has been the prolongation 
of systole which in some cases may be extreme Skouge sU case a patient 
with tliyaotoxicosis had a QT interval of 037 before thyToidectomy 
Tetany developed immediately after the operation and was persistent 
There was a progressive prolongation of the QT interval which three 
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months after the onset of tetany ivas 062 seconds Marzahn obser\ed a 
patient ivith postoperatne tetan> in ivhom the systole uas prolonged to 
048 seconds 12 Restoration of normal serum calcium by means of 
dihydrotachysterol resulted jn sjstoles of normal duration 13 

During the severer ntticks of tetany the circulatory changes may be 
considered 1 consequence of the muscular exertion and do not differ 
materially fiora those observed in other spasmodic or comulsive states 
In children hoiveaer sudden death has rarely occurred during sustained 
paroxysm and has been attributed to spasm of the cardiac muscle 14 
HYPERPARATHYROIDISM 

Shortly after the introduction of parahorinone its effect on the lieart 
and circulation tvas thoroughly studied by Edwards and Page 15 To dogs 
they administered from 20 to 50 Colhp units at mtersals of two to four 
hoiiis The total amount injected varied between 13 and 40 units per 
kg of body weiglit and resulted 111 an eJei alien of serum calcium 
from normal to \alues between k, and 22 mg per cent During 
the early stages of the experiment the heart rate was ina eased slightly 
Later there was slowing and usually a marked anhythmia with premature 
beats and shifting of the pacemaker function There were hoaveier no 
constant changes in tlie electrocardiogram In some records the P a\a\es 
underwent progressue increase in height during ilic period of treatment 
Direct obseraations on the heart displayed dilatation of the right auricle 
and K was thought that the change in P wa\es might haie resulted from a 
greater activity of a slightly stretched auricle There were also changes 
in the amplitude and direction of the T ivaxes The changes in cardiac 
function following overdosage with parathyroid extract v\ere compared 
with those found after injection of laigc amounts of calcium salts with 
the conclusion that the effects produced were similar if not identical 

No comparable studies have been made m clinical hyperparalhyroid 
ism In the uncomplicated cases there are usually no signs or syanptoms 
of heart disease It is possible though not proven by adequate studies 
tint the length of systole is shortened as a result of the hypercalcemia ic 
Many cases of liyperparathyToidism are complicated by bilateral nephro 
hthiasis which may eventually lead to pyeloneplmtis hypertension and 
circulatory insufficiency 
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HYPOTHYROIDISM (MYXEDEMA HEART) 

Actne interest in the heart in ni)\cdcma started with the report of 
Zondek in 1918 i" In a sttulj of four adi-anccd cases he dcnionstratcd that 
both the right and left chambers of the heart might he greatl) dilated, 
that the tardiac action was slow and indolent with normal blood pressure, 
and tint the electrocardiograph resealed characteristic and striking 
changes He showed further that these CMdcnces of cardiac iinohtincni 
could be modified or e\en retersed by effective treatment with thyroid 
To designate this clinical condition he introduced the term ‘ myxedenn 
heart ” 

Zondek’s observations weic repeatedly confirmedii> in . 20 and led to 
clinical and cxjicnmental studies which clearly established the fact tint 
prolonged hypothyroidism may have a profound influence njion the heart 
and cnculation 

Pathology: At autopsy some degree of dilatation or hypcitrophy of 
the heart has usually been demonstrable Of the 20 autopsied cases tol 
lectccl by the Chtucnl Society of Iondon.>i onctbnd levealcxi hyjicr 
tro])hv of the left side of the heart Jii nine autojisies studied by Mcan$-S 
a pseudohypertropity possibly due to swelling of muscle fibers was grossly 
evident in several It has been suggested by many obscivers that the 
changes in the heart may be attributed to an edematous coiuhtioti of the 
cardiac muscle similar to that seen in otlici tissues of myxedematous 
patients \fiaoscopirally, however, a vaiiety of pathological changes 
has been dcsciibcd-’ Among these arc ilcstruction of muscle fibers, 
thickening of the leaflets of the aortic valve and atcninulations of a homo 
geneoiis material which has an .alfinity for hematovylm but winch docs not 
display the staining characicristics of the myxedematous inriltraiion found 
in the skin 

In thyroidectomi/ed nnmials, hearts have been shown to he dilated, 
pale and flabby Microscopically there has been a decrease in the numher 
of muscle fibers with dcgcncraiion and disappearance of perinuclear sar- 
coplasm in some of those winch remain-'* Simpson-« found that eaily 
thyioidcctomy in sheci) picscnlcd abnormil development of the s.irto 
plasm Idema has been shown not only by the grow appeaiancc of the 
iniisile Itself but also by iiic*a$iircmeiHs of actual water content 

tffusion into tlic pericardium his been foiincl both in autopsied cases 
of nisxcdcnn and in cxpernncntal Iiypoibyionbsin sa 27. 2S Tins tniy 
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Ije •’ccompanied b> ascites and by pleural effusion Meins22 states tint 
in his experience the serous catities of untreated cases ini-arnbly con 
tamed fluid In one of the autopsied cases of the Massachusetts General 
Hospital theie nere *^000 cc of serous fluid m tire peritoneal caiit) 
I'joo cc in the tuo pleural spaces and 1000 cc m the pericardial sac 
Lesions of the blood \essels Iiaae been frequently demonstrated 
Atheroma of the arteries a\as apparent m more than half of the 20 
autopsied cases of the Clinical Society of London 21 Sclerosis of the 
aoita the coronaries and other aiteiies uas shoun in the early studies of 
ton Eiselberg -9 Pick and Pineles^o found similar changes follonmg thy 
roulectomy in young goats Subsequent studies liate tended to confiim 
the impression that a prolonged state of hypothyroidism accelerates the 
detelopment of atheroma ulurh houever is not a constant or metitable 
accompaniment ’'i 

As early as 1908 Saltykou^s su^csted that the arterial lesion of 
myxedema resembled medial necrosis This idea has recently receiied 
support from the demonstrations of Kountr and Hempelmann **3 uho 
reported spontaneous rupture of the aorta in three cases m uhich com 
plete thyroidectomy had been performed during the course of malignant 
hypertension Examination of the aorta reiealed in all of them lesions 
apparently identical to the ctstic medial necrosis of Erdheim 3 ^ Recently 
ue have been able to show exactly similar lesions m a seierely my\ede 
niatous patient uho had duimg life no ciidence of hypertension 35 
Clinical Manifestations futiciioimf DtsOirOnnces In the myxecie 
niatous state it has been shoun that the \eIocity of blood flou is diniin 
isbed and tint the caidnc output per minute and per heat is decreased 
Studies of arterio\euous oxygen diffci cnees ha\e re\ealed that the circu 
lation rate is less than could be accounted for fay the fower oxygen require- 
ments of the tissues 

Cuhrgcmeut of the Heart The si/e of the heart sfiadoiv m the tele 
oroeutgenogram is increased m most myxedatmous patients Of j8 cases 
studied by Lerman Clark and ^^eans37a<5 34 shoued a transverse 
diameter of the heirt winch exceetletl by 1 cm or more one half the 
diameter of the chest in 22 the transverse measurement v\as cm 01 
more in excess of half the chest diameter 

Tile cause of tlie enlargement is still a subject of dispute That it is 
not due to hypei tropliy of tlie caidnc musculature is dearly indicated by 
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the rapiclit> \\ith uhich the size of die heart decreases dunng treatment 
The most obsious explanation ixotild be that die heart, like other tissues, 
contains an increased amount of interstitial fluid Padiologically, hon 
e\er the extent of demonstrable edema of cardiac muscle does not readily 
account for tlie clinical obseraations Dilatation of some degree has usu 
ally been assumed and has been demonstrated in many autopsied cases and 
in the hearts of thyroideclomized animals 25 Gordons'* has suggested tint 
the supposed enlargement of the heart is attributable to accumulation of 
fluid in the pericardium He emphasized that the appearance of the 
roentgenograpluc shadou of the myxedema heart of Zondek closely 
resembles that of |iencardial effusion, also, that fluoroscopically the heart 
borders mose sluggishly m both conditions Talir has stressed as possibly 
the only point in differential diagnosis that die diameter at the base of 
the heart is much narrouer in my-xedeina than it is in the presence of 
inassue pericardnl effusion Unfortunately, m some cases40 of myxedenii 
svuh e\cessi\e acaimulation of fluid in the pericardium this differcntiat 
ing sign Ins been absent In considering the a\-ailable e\ idencc certain facts 
must be emphasized (i) Tint pencardnl fluid lias been demonstrated 
clinically in a number of cases of adsainced hypothyroidism sa 40 4i 42 
(s) that some degree of acciimtihtion of fluid in the pericardium of 
autopsied cases has been an extremely common finding and (3) that in 
most of the clinical cases of gross enlargement of die heart in myxedema 
the possibility of pericardial fluid lias not been entirely excluded 

Clinical eaidence indicates that great enlargements of the cardiac 
shado\s are encountered only after a patient has been in a hypolhyToid 
state for seieral years The degree of physical activity and of other factors 
of strain such as hypertension are no doubt contributory Zondek s43 
German officer vvas shot through the ihyToid gland in 1914 Three years 
elapsed after the destruction of the gland before severe signs of cardiac 
involvement developed Fahr44 observed a patient who had been success 
fully treated for myxedema but who had discontinued therapy Eight 
months were required before an enlargement of 3 cm m the transverse 
diameter of the heart could be demonstrated 

Cardiac Dicomftensalton In the literature there is no agieement as 
to tile incidence of congestive heart failure Of 1G2 cases of myxedema 
studied by ^Villius and Haines 45 qi per cent were said to he free of sub- 
jective or objecuve signs of organic cardiovascular disease In the remain 
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ing nine per cent tiie lesions were accounted for by etiological factors 
otlier tlian in>xedeina. On the other liaiul, Tahr.H in a stuci> of 17 cases, 
found fise ^vith csidence of serious heart failure, uhilc eight others 
showed dyspnea, pitting edema, reduction in \iial capacity, rales at the 
pulmonary bases and some degree of dilatation of the heart. It is dilTiculi 
indeed to explain such \ancd cxpciicncc Most obscrtcis agree that 
extreme degrees of decompensation arc uiu.oninion. excejn i\hcn other 
organic heart disease is present as a cumpheattun 

Auf^ma Pectoris: The association of prccordial pun with insxcdcnn 
t\as noted as early as 1914 by Henoghf*^ and uas iiiemioncd by Zondeki' 
in liis original accoiuu of tjic myxctlem.i lie.rii in 1918 Chanicicristic 
angina pectoris was reported by I-allbrv^" in 192 j. Ahhotigb comphiiiii 
of piecordial aching is not uncommon ihc incidence of set ere pain 
appears to l>c quite unconunon. W'lIJms and Haincs*& in their lOs cases 
of high grade myxedema memton onh one in wliom twinges of p.iin fol 
lowetl tlie full use of thyroid Lermaii. Means and Clark**** saw one case 
of angina in 18 patients, while others-*'* <■*<> make no mention of the 
symptom, IVficn one considers the incidence of atheroma of the coronary 
arteries it is periiaps surprising dm angina h.is not been foniKl more fre- 
quently as a spontaneous symptom. 

IlylieUensioii: Zotulck in In's original description of the myxedema 
heart specifically mentions the normal blood pressure accomjianying the 
cardiac enlargement. .Actually hypertension is by no means rare. .Among 
90 cases studied by Froment and Jeunc.f'i 22 showed pressures aho\c nor- 
mal, r,q were within nor mal limits and only nine rcsealcd hypotension In 
Mcans’2'.: 48 patients the blood presNure before ircaimeiu \ancd from 
88/Gi to 190/130. In the fatal c.asc of I.cnq;re and rieuroins the blood 
ptessure n'.7J 2So/iw. Thompson and his roworkers''^ base presented 
csidcncc that the incidence of hyiiencnsum is greater in successfully 
treated myxedematous piticnis than it is in the general population 

Crtrdmr hrcgnlartltes: Sluggish heart action with slow pulse is appir 
cut in most well adviuuctl cases of hyiKidiyrouhsm In some |uiu'nis 
with low mctaholisni. howeser, the heart rate m.iy l>c accclcmieil. Auriui 
l.ir fibrillation is r.irc.f'»t.r>r>.r»r. Gardnci^? in a single case noted |>crimls 
of auricular llutier with arlKiri/aiion IiliKk. NexU! jumxssmal laclnx'udla 
alternating with sinus bradycardia svas rc|>oricd by Lisscr and Anderson ss 
P.iroxysmal auricular tachycardia has also liccn noted.f** Inrrcascil 
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auncuhr ventricuHr conduction time is not \er) uncommon 5 59 A 
high degree of partial heart block avas reported by Luten f o 

Electrocardiographic Changes Some degree of abnormality in the 
electiocardiogiam is extremely common in myxedema and in cretinism 
Fioinent and Jeune'ji found pathological changes in io6 of 163 cases 
Older and Abrahamson'>-t in 13 of 21 cases while Lerman Clark and 
Means^" found abnormalities in all of thetr patients with well deaeloped 
myxedema The most constant feature is a flattening or inversion of the 
T waves particularly in Lead II This may be iccompanicd by abnormal 
axis deviation by a diminution in the amplitude of the QRS complexes 
and by small P v\aves Such changes are observed in many cases of hypo- 
thyTOidism in which thorough clinical and radiogiaphic examination 
reveals no cardiac abnormality The exact cause of the electrocardio 
graphic changes is not clear The suggestion that they might be due to the 
altered resistance of myxedematous skin has not been substantiated Thar 
tliey are not attributable directly to the decreased rate of oxidation is 
shown by the work of Reid and Kenway ci vho found no abnormalities 
in the electrocardiograms of persons having low metabolism without 
myxedema 

Treatment If a patient has not been too long neglected and if tliere 
are no serious complicating arterial lesions tieatmeiu may be extremely 
satisfactory Digitalis has been notably unsuccessful in rehcMng failure 
of myxedematous hearts Thyroid on the othei hand accomplishes m 
most cases prompt and often diamatic improvement 

FoIloiNing thyroid medication the sounds of the heart gradually 
become more audible and the pulse rile increases As the basal metabo 
hsm returns to normal the output of the heart per beat and per minute 
IS incnfased iitd the v elactcy of blood tion is affgrrrerrted 

Tlie size of the heait shadow diminishes The degree of change vanes 
but may be very great In one of Fahrs cases there was a shrinkage of 
C 3 cm in the transverse diameter over a period of seven weeks Ten of 
Lerman s "7 12 patients exhibited progressive decrease in cardiac measure 
ments reaching a maximum in periods varying from three weeks to six 
months 

Diminution in the abnonnalities of the electrocardiogram is apparent 
in almost all tieated cases and may develop rapidly Flat or inverted 
T waves become normal in appeaiance the amplitude of the QRS com 
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plex IS mtrcnsed md the P wnvcs become nonml oi m sonic tnscs unsinllj 
prominent 

The effect of th)Toid medicition on the lex cl of blood pressmt cannot 
be predicted Changes were noted in 37 of Means ** 18 cases In 20 of 

tliem tfie sjstohc piesstire dropped 10 mm or more while in 1 1 cases it 
rose 10 mm or more A ariabJc changes nere also noted lu the lex el of 
diistolic pressure In most of the patients theie xxis slight increase in 
pulse piessure A gratifying result of treatment Ins been noted in sonic 
of the cases in which hypertension has been a feature ' *’ In Means sciics 
1 1 cases Ind high blood pressure before the institution of tlicrapx In lixc 
of tfiesc the blood pressure retinned to noimal xxinie 1:1 six otficis tlie 
icxel of blood pressure xxais lowered 

Thyroid theiapy has at times affected the rare cardiac irregularities 
of inyxedenn In two'’* of three cases ol anriculai fibril! nion ilit use 
of thyroid witliout other dru^s was followed by a return to normal sinus 
rhythm Caidners 7 auricular flutter xxith aibornatioii block the nodal 
tathycardii of Lisser and Anderson '' and the paroxysmal auncular 
tachycaidn of Older and Abralnmsoir^ tlisappeared folloumg thxroitl 
medication 

It should be empinsi/ed that there is no icason for rapid admimstra 
tion of thyroid in cases of myxedema Usually iht changes consetjuent 
to the hypotiiyroidism base progressed oxei a period of motuhs or xears 
Rapid return to a iioimal state may lie accompanied by discomfoit and 
in patients who present exidenccs ol cardiac decompensation or signs of 
arterioseleiosis of the coronaries or other xcssels iin\ be cMiemcIy 
liarardous 

In tlic rare case of eaidiic failure thyroid medication by increasing 
the mcti'txAism and iheieby jnonsnxg \lxc woxk of the Ueavt sway yxte 
cipitate an acute decompensation A more imminent danger presents 
itself in patients whose coionary xesscls arc exicnsuely diseased In iq-’r, 
Cliristiaip 1 repot led a case of a xvomait of 5*^ X'bo died of coronary 
infairtion iG days aftei tluroid medication was begun Since (hat time a 
numiicr of accidents base been icp<»rtc<l • These liaie lieen recently 
collected by Smyth <’• It is notable llni the arcidcnis have oceuired ui 
patients jxast middle life with ages runniiv from gp to 6-^ In these cases 
the coronary attacks haxt occurred under nreumstaiiccs xxiucli suggest a 
lausnl relalmnslnp rather than mere coincidence 
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In the treatment of most cases of myxedema and especially of those dis- 
co^ered in later life or exhibiting signs of cardiac in\ol\ement or arterio- 
sclerosis, the initial dose of Uiyroid should not be greater than 006 Gm. 
(1 grain) per day. This may he cautiously increasely as the tolerance and 
requirements of the patient become apparent, ^\'hen myxedema is accom 
panied by cardiac disease, the patient sliotild be under constant and 
detailed observ’aiion during the period of readjustment 

DISEASES OF THE SUPRARENAL GLANDS 
ADDISON’S DISEASE 

A small heart and a small aorta Ime frequently been described in 
Addison's disease and hate been regarded as due to an atrophy secondary 
to the disease itself and particularly to the hypotension and circulatory 
ueakness The condition of the heart uas carefully studied by Barker/*" 
who tvas able to assemble 21 cases in which the heart had been weighed. 
Using the table of aterage normal weight with upper and lower limits, as 
devised by Smith from total l>ody weighu, he found that the weight of 
the heart was less than the average normal in 15 cases, and greater than 
the average in six. This would seem to indicate that there is actually a 
specific diminution in the size of the heart as an accompaniment of 
Addison’s disease. The deduction, however, is rendered somewhat invalid 
by die fact diat most patients with Addison’s disease, particularly those in 
whom there is an accompanying tuberculosis, tend to lose large amounts 
of weight. It is w’cll known that a certain amount of atrophy of the heart 
may be expected from loss of weight- due to any cause. The Addisonian 
crises, so frequent and so justly feared in adrenal insufficiency , arc usually 
accompanied by vomiting, w’eakness and extremely low* blood pressures 
These are probably associated with peripheral VTiscular functional 
changes and cannot be attributed to any specific cardiac vreakness or 
pathology*. 

CORTICAL TUMORS AND HYPERPLASIA OF THE SUPRARENALS 

The clinical symdrome associated with adrenal adenomata, carcino 
mala and e\ en with hyperplasia of the gland cannot be differentiated from 
that of pituitary basophile tumors or Cushing’s syndrome. Tlie same 
bodily changes may be present. Tlierc is the same tendency to diabetes, 
polycythemia, sexual atrophy and also to hypertension. In these condi- 
tions also there may be hypertrophy of the heart. That this is secondary 
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to the high blood pressure is generall> assumed, but studies hi\e not been 
sufficiently detailed or careful to jiistit) an^ final conclusion. 

BENIGN CHROMAFFIN CELL TUMORS 
In 1922 Labbe, Tinel and Doumer^s rejxirted a case of a married 
ivoman of 28 ivho suffered from frequent paroxysmal attacks of high blood 
pressure, during one of uhich she deseloped a fatal pulmonary edema 
Autopsy revealed a tumor of the left adrenal gland Fue years later 
C. H. MayoCO successfully remoied an adrenal tumor from a young 
woman with similar symptoms, which were completely and permanently 
relieved by the operation 

Sudden and wide fluctuations in arterial pressure are not unusual in 
essential hypertension and base been noted in association with a number 
of pathological conditions When, howeier, the fluctuations are markctl 
and particularly when they are paroxysmal m chaiactcr, the presence of a 
phaeochromocytoma or tumor of adult chromafTm cells of the adrenal 
medulla must be suspected Although rare, a pliaeochromocytoma is 
clinically important because of its benign character and because tts sur* 
gical removal may result in complete cliniral cure of a distressing and 
eventually fatal disease 

The attacks of lugli blootl pressure that accomjiany tlicse growths 
base generally been attnbutetl to sudden mnssne discharge of epinephnn, 
a supposition tvhlch is supporietl by analyses of the tumors thcmselics 
Ordinarily both human adrenals contain only about 8 mg of epinephnn 
In a single phaeochromocytoma. howe\cr, as much as 375 mg of 
epinephrin have been i-ecoiercd "O 

The paroxysms are characterized by abrupt cJeiaiion of systolic blood 
pressure, which in one case was recorded at 3|o nun Hgtt In many 
instances it has exceeded 300 The diastolic pressure is more variable 
Even with excessive systolic picssiirc it may be only luoderalcly elevated 
On the other hand it lias been recorded as high as 2 |o 

In the same patient paroxysms may display great variability both in 
duration and severity' They may last for minutes or hours. Some of the 
milder attacks may piss almost unnoticed, wJuIc others arc accoiuixinicd 
by most alarming symptoms Palpitation due to a rapid and vigorous 
action of tlie heart is an almost constant accompiuiment. The extremities 
usually become blanched, cold, mottled and sometimes painful. There 
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nia) be nausea and vomiting, \iolent headaclic and drenching sweats. 
Pains in the lumbar and otJicr muscles may be distressing. 

Precordial pain with radiation to the neck and donn the arm has been 
trcquently noticed. H the attacks are scsere or prolonged there may be 
signs of cardiac incompetence ttith sudden engorgement of the \cins of 
the neck, enlargement of the li\er, and pulmonary edema. 

Tlie electrocardiographic changes during paroxysms ha\e been 
variable and are not sufficiently characteristic to aid in diagnosis, ^'c^^ 
high T waves have been reported In one case there were cardiac irregu- 
larities at the end of attacks with short runs of auricular tachycardia, 
ventricular extrasystoles and ventricular tachycardia. Diphasic T waves 
have been observed in the first lead In another case a shift of the pace- 
maker from the sinoauricular to the auriculoventricular nodes was noted. 

Between attacks there may be no symptoms. In the early stages of the 
disease tlie blood pressure is usually if not always normal. When the 
condition lasts long enough, however, the pressure tends to become per- 
manently elevated. At times the permanent changes have been seen to 
develop rather rapulU. as uv the case of Rabin,* - in which in six months 
the blood pressure between attacks had risen from 
trocardiograms which have been siudictl between attacks in about one- 
h.ilf of the cases were usually normal. Evidence of left preponderance, 
notching of the T waves and large T waves have been reported. 

In 11 of tlie i8 proven cases winch were studied by Howard and 
Barker , 73 nine survived ilie surgical removal of the ciusaiivc phaco 
cbromacytoma and were completely relieved of their symptoms. 

DISEASES OF THE PANCREAS 
DIABETES MELLITUS 

While diabetes is not knov\n to aflcct the heart directly, there can he 
no doubt that it predisposes to early arteriosclerosis, arteriolar sclerosis 
and coronarv heart disease"-! In many cases hypertension may precede 
by several vears the onset of diabetes In others it tends to develop during 
the course of ilic disease Tlie symptom of angina pectoris is frequent. 
Root and Gmybicl were able to collect 210 rases of angina among 7000 
diabetics"-'* and a furtlicT aiiaivsis rc\c.ded .{lo .unotig io,(K 50 T t Cortin.iry 
thromliosis is a tommon complication and may occur .u an carlv age,"f^ 
Clinically the character of arieriosclcroiic heart disease arising in the 
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course of diabetes does not cIiiFer significantly from tint ascnbable to 
other etiological factors 

HYPERINSULINISM 

Tumors and h)perplasia of the islands of LangerJnns nn) gi^e list 
to h)pogl)Ceinia t^hich nny be accompanied by symptoms of tvcakness 
profuse sweating anxiety faintness syncope or contidsions In tins 
syndrome the heart does not appeal lo be primarily or obsiously iniohed 
Theoretically lion ever a continued hypoglycemia might tend to deplete 
the glycogen content of tJie heart muscle and thus lead to cardne ucak 
ness and circulatory collapse In electrocardiograms Middleton and Oat 
uay““ found a depiession of the T i aie in all of the cases of insuhn 
shock which they studied In animals uitli insulin Jiypogljcemia Soskm 
Katz and Frisch "b demonstrated tmerston of T \ ares uhich did not 
always return to normal aftei the injection of glucose solutions Expert 
mentally It has been shots ti that uhile die isolated normal heart is capable 
of swung glycogen during insulin administration the diabetic heart does 
not store it unless the blood sugar is maintained well above the norma! 
level Dcatli from cardiic inlarction has been reported after a rapid 
fall m blood sugar from the administration of insuhn so IJetiuse of this 
evidence there has been some apprehension conceniing the use of insuhn 
in patients whose hearts arc decompensated and particularly in those 
who suffer from angina pectoris or present symptoms of coronary sclerosis 
Strouse and his associates’^* found that some of ihcir piticnts with 
coionary disease experienced increasing precordial distress as the diabetic 
state was coirected b\ insuhn foslin*^ has emphasised however tint 
many diabetic patients with incompetent beans liave been bcnefitetl wiilt 
the cautious use of insuhn Ml observers agree that in cardiacs, greai 
care mnst be exercised to avoid fiylioglycentta Tfic diet should be regit 
luted gradually and insuhn should be given at first in very small doses 

DISEASES OF THE THYMUS 
STATUS THYMICOLYMPHATICUS (Lympbatism) 

In ib8() Pahaufb introduced tfit concept of i lympfiatic constitution 
cliaracterized anatomically by prominence of the thymus gland and of the 
lymphoid tissue and at times by hypoplasia of the aorta clinically by sud 
den death either spontaneously or fioin uivial causes Since that liiiii. 
there has been much discussion concerning the iniure of the condition 
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and more recently concerning its existence. The undoubtedly important 
medicolegal aspects of the concept finally led the Medical Research 
Council in conjunction with the Pathological Society of Great Britain 
and Ireland to appoint a committee for its thorough imcstigation. Their 
studies s\ere published in ig^i b> Young and Tumbull.SJ The commis 
sion found little if any association betueen the weight of the lh)mus and 
the amount of Ij-mphoid tissue in \arious parts of the body. They could 
disco\ er no evidence of an association between arterial hypoplasia and an 
abnormally large thyanus nor could they establish any \alid relation of 
sudden death to the size of the tliymus They concluded that the so-called 
status thymicolymphaticus has no existence as a pathological entity. An 
interesting sidelight upon the original contention of Paluuif comes from 
studies of Hammar,S4 Boyd 8 *'» .and others who ha\e shown that t!ie 
thymus with malnutrition or dise.ase tends to undergo rapid diminution 
in weight and that us normal size can only be ascertained in persons who 
die suddenly or after a short illness 

DISEASES OF THE SEX GLANDS 

Atrophy, destntetion or reniosal of the sex glands either in men or 
women may be followed by ncurocirculatory symptoms. In female cas 
trates and in women at the lime of the menopause recurrent sens.itlons 
of flushing or of suffocation, {xilpitation and tachycardia may result in 
serious incapacity. There is no esidente that the heart itself is afferted 
Instability is typical of the menopausal syndrome and is reflectetl in 
fiiiciuaiions of blood pressure which may ^wry greatly from hour to hour. 
Tliere has been much dispute concerning a possible etiological relation 
between the menopause and hyperlensiou.**” MaranonS'^ belicscs th.u 
more than 50 per cent of women at the climacteric exhibit some eletation 
of blood pressure. Many others have noticed a Iiigh incidence of hyperten- 
sion It must be remembered, howeser, that the age of the normal 
menopause is also the age when arteriolar changes tend to become esidcni 
and that moderate or .adsanced hypertension is relatively frequent both 
in men and women during the fifth decade. 

Observations of ilie possible cifecl of ovarian hormone on the level of 
pressure during the climacteric have been too fragmentary 10 pennit 
conclusions. 
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CHAPTER XV 


TRAUMA OF THE HEART 

By Hugh Barbcr M D 

Introduction Trauma of the lieart may anse as the result of i\ounds 
and direct violence and also from strain of elFoit From one or other of 
these causes aaried lesions may dcselop hut die cases are exceptional 
It IS difficult both to collect the evidence and to assess it judiciously 
There are two chief problems On the one hand when a definite licart 
lesion IS manifest after violence or strain we must rely diiefly on the 
medical history m making a decision as to whether the condition is tlie 
result of trauma or is due to natural causes and if due to trauma as to 
whether the heart was already diseased before the event in question On 
the other hand following injury or alleged strain vse meet with apparent 
disease of the heart as for example a possible contusion of the mjocar 
dium or a case suggesting cardiac oveisirain when it may be difliaiU to 
decide as to whether die heart itself lias been injured at all 

Expeiimental work with regard to direct violence has indicated the 
possibility of numerous lesions occurring as the result of this fonn of 
trauma but most experiments relating to strain or overstress of the heart 
have proved that all parts of the healthy heart are capable of withstanding 
considerable strains 

The function of the Iieari as judged by exercise tolerance tests is hard 
to assess White in 1937 drew attention to the fact that neurocirculitory 
asthenia and muscular flabbiness are more easily exposed by exercise 
tolerance tests than is true hcait disease I\e are compelled to place con 
siderable reliance on ihe jrvlienls own statements vdicn they arc con 
sistent Modern methods of investigation have lielped sometimes with 
regard to the condition of the heart muscle m cases of trauma but only 
if the opportunity for examination is taken early and probably m the 
majontv of cases of myocardial injury the findings would be negative 
( 208 ) 
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Perhaps the extended use of instruments of precisian has tended to 
lessen our interest in case histories. All forms of trauma are becoming 
increasingly bound up svitli litigation, which militates against an open 
mind. Trauma of the heart is essentially a study of case histories, using 
the iv’ord iiistory in the ividest sense of that term. 

The subject may be diiided under the follouing headings* (i) Dis- 
orders of rhjthm; (2) \alvular disease, (3) contusion of the heart, (4) 
ivounds of the heart, and (5) pnmaiy* cardiac o\erstratn. In some cases 
of contusion of the heart, a disordered rhythm or a \'alvular lesion may 
be coexistent. It is eas)' usually, but not possible alwajs, to distinguish 
between direct violence and internal stress 

Spontaneous rupture of the heart muscle is, of course, the result of 
coronary disease. Goodall and Weir in 1927 recorded 18 cases, but m 
only four ivas there evidence of emotion or strain Such an event can 
iiardly be included in trauma of the heart. 

DISORDERS OF RHYTHM 
1. AURICULAR FIBRILLATION 

^Vhen this condition deieJops in the course of the natural history of 
a diseased heart, it is possibly the result of the many small strains which 
daily life entails. It may arrive, hoiverer, as a suddent event, as tlie result 
of oserstrain or direct violence to the cliest wall. In some cases mental 
excitement may be an added factor. The recorded e’camples usually haie 
been middle aged or elderly men. but some of them would appear to ha\e 
had a heart perfectly normal before the trauma. Hay and Jones in 1927 
recorded fi\e cases of auricular fibrillation, of which four rvere due to 
sudden physical exenion, and one to electric shock. Tliey state that four 
of the patients were apparently weil before the exciting cause or accident. 
Tw'O of them ivcre under 40 years of age. 

Two cases, the result of o>erstniin, ha\e come under my own obser\'a- 
tion. One was a man knoivn to ha\e mitral stenosis, but leading an acthe 
life until a sudden unexpected lifting effort caused distress ivith fibril 
lation super\ening. Tlie other example is as follows: 

A workman in good health, agctl 55 years, undertook some hea%*% 
lifting work to whidi he was not acaisiomed Sudden pain de\eloped 
across the cJiest and he felt weat and dirzy. He ivas short of breath 
going home and this symptom increased. He rested at home for a fort- 
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night and his doctor noted an iircgiilar licari This svts confirmed as 
atmcular fibrillation elecirocardiograin There sitrc no other abnor 
malities Fise neeks after the strain normal rhsthm sms restored b) 
qumidine 

Kahn and Knhn in 1928 recorded cases of niincuhr fibnlhtion fol 
Ion mg direct tnuma of the chest nail It is the predominant feature in 
two cases recorded b) Ktssane in 1927 ns contusion of the heart 1 hive 
met with It on tsvo occasions after a man Ins been knocked down 1)> n 
motor car There nas no exident bruise on the chest mil or actual histor} 
of blost o\er the heart so tint direct trauma sudden strain and excite 
ment ma> base acted together Both nere elderly and possibly liable to 
the disability but in good health for their >cars To take one example 
alieady recorded (Barber 1938) 

A man aged fil years acting as a niglji natchnnn nas knocked 
donn by a motor car on January 21 1932 He ms taken to the castialts 
department at the Derbyshire Royal Infirmary about this he remembers 
little \fier being deiainetl for a fcsi lioiirs lie svas sent home by ar to 
rest in bed He noticed that he s\a$ short of breaih and Ins doctor rtcog 
nued an irregular pulse The shortness of breath persisted and althoiigli 
his externa! injuries were tmial it obvious that his capaais for 
exertion svas entirely changed Seen by myself in December 1932 aunni 
lar fibrillaiion was recognized by clecirocardiogram There were no oihtr 
ibnormalities There was no congestive failure Five years htcr Jus 
condition was iinclianged 

My other patient had a scalp wound which is of interest Iiccausc 
Bramwell m 1934 has recorded the case of a coal miner aged 33 years in 
whom auricular filinllatiou was present after a blow on the bead 

We may conclude that aiirictilar fibrillation is a definite disability 
which may result from trauma culier m the fonn of direct violence or 
more commonly from overexertion When the disability is the result of 
overstrain ilieie is distress at the tunc with dyspnea on slight exertion 
In those cases due to direct violence the cardiac symptoms may he masked 
by the shock of the trauma and there may he delay before the fibrillation 
IS recognized In hearts already diseased the life history is changed The 
event may take place when the heart previously sms efficient and apjxir 
cntly normal In a number of cases quinidme has restored nonnal 
rhythm but relapse may occur 
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2. AURICULAR FLUTTER 

The disposing causes of this condition are similar to those which pro- 
duce fibrillation, but I have seen no case records in which trauma was the 
exciting cause. ^Valke^ in 1933 admitted this event and White in 1937 
stated that flutter is commonly precipitated by sudden effort, excitement, 
trauma or surgical operation. 

One case of auricular flutter came under my own observation in 1935 
after a fracture-dislocation of the cervical vertebrae. From the hospital 
records it would appear that flutter developed several days after the 
accident whilst in bed. It is dilficult to find a reasonable explanation, but 
the fact remains that when the man recovered from his surgical injuries 
he was incapacitated by reason of the heart condition. There was evidence 
of a liypertensive heart, but one cannot entirely ignore the injury as a 
possible exciting cause of the fimter. 

3. EXTRASYSTOLIC ARRHYTHMIA 

This irregularity is not a definite entity and is no disability in itself. 
We may only conclude that titere is an irritable iocus in the heart muscle. 
It is present sometimes after overstrain, real or alleged, and is perhaps due 
to a neurosis in some of these cases. It has been met with after a blow 
over the precordium, in which case there may have been some injury to 
the pericardium or heart muscle. Judicious treatment should minimize 
the significance of any symptoms whicli may result from this arrhythmia. 
Tobacco or other disposing causes must be considered. But although 
extrasystolcs in themselves have little influence on the heart capacity, 
they are rarely met with in hearts that arc perfectly normal, and they 
hav’e some significance after trauma. Kissane in 1937 produced ventricu- 
lar cxtrasystoles experimentally in dogs after a blow over the chest. 

4, HEART BLOCK 

This form of arrhythmia indicates a lesion deep-seated in the myocar- 
dium. It may arise from direct violence; that it could result from effort 
is improbable. Walker in 1933 and also White in 1937 stated that it may 
result from direct trauma. Kissane in 1937 produced this condition 
experimentally in dogs and has found U in contusion of the human heart. 
Experimentally it was transient and soon passed off. A serious injur)’ to 
the auriculoventricular bundle with survival of the patient must be an 
exceptional event; but Coffen in 193® described complete heart block, 
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persisting se^en 5 ears after a child of three 5 ears of ige had fallen four 
or e feet on to his chest There was no external bruising ( Just before 
the accident he scored 98 per cent in a babj clinic examination ) The 
slots pulse uhich persisted was recognized ttithin a fet\ hours of the 
acadent 

VALVULAR DISEASE 

1 From Strain Rupture of a \al\e from strain or oterexcrtion 
IS a lesion tvell knoirn uhicb has been recognized for more than 100 
years Peacock in 1865 discussed the problem in Ins Croonnn Lectures 
There is immediate and urgent distress uith precordial pain There uill 
follow tarying degrees of heart failure The physical signs of a traumatic 
rahuhr lesion are similar to tliose of \alvuhr disease due to natural 
causes Tlie diagnosis of trauma is based on an accurate history and if 
possible etidence with regard to the heart condition pretiously Some- 
times there is a bruit of unusual type or intensity and in one of my own 
records the patient himself could bear the unusual noise which dc\ eloped 
after a lifting effort 

The aortic ^ahes are tliose most liable to this form of injury There 
IS evidence that the V'ahes were already diseased before the acadent in 
the majority of cases but there are some records (Howard ig^S) in 
which It would appear tliat the valves were not affected with rheumatic 
syphilitic or other chronic disease although of course there may have 
been some slight defect of structure Tlicre is no doubt tJiat many of the 
patients have had no consciousness of disease before the event 

Rupture of a tntlral mlve from strain is rare although it has been 
recorded by Allbuti m 1870 and 1873 and by several other observers A 
more probable accident in this region is rupture of one of the chordae 
tendinae which gives rise to similar signs and symptoms Peacock in i86j 
recorded the event after severe vomiting in a child with v\ell compensated 
mitral stenosis and Horton Smith in igo” desenbed rupture of chordae 
tendinae in a vi.orknnn aged 33 years due to strain Tliere v\’as immediate 
pain with dy'spnea followed by passive congestion He died in three 
months At autopsy ilie valves showed no evidence of previous disease 

Allbutt in 1870 in mentioning certain cases in which a sudden strain 
appears to have caused structural damage suggests these may be extreme 
instances of an agency always at work m some degree m those who do 
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hea \7 manual work This is an interesting speculation particularly in 
relation to sclerosis of tlie aortic \al\es but it takes us bejond the scope 
of this article, and of course the traumatic lesions under consideration 
Iiere are met uith in all walks of life 

Defects of other aalves from strain are impiobable although possible 
A medical colleague has described to me the development of a bruit dur 
ing effort with comparatively little distiess subsequently which is sug 
gestive that the foramen ovale had become patent 

2 From Direct Violence It has been proved experimentally in 
the post mortem room by a number of observers that heart valves can be 
ruptured by a blow over Uie chest wall which does not produce external 
injury In some accidents external violence and internal stress may act 
together 

In the type of case to be considered here the presumption is that the 
valves were healthy and tlieie is less neetl to discuss the possibility of 
antecedent chronic laliuhr disease We must leahze houever that in 
those exceptional jiaiients who survive the event of rupture of a valve 
from direct violence some healing will take place and eventually the 
pliysical signs will be indistinguishable from those met with m valvular 
disease due to natural causes At such a stage the history and past medical 
evidence is the only guide on which to base the etiology of the valve 
lesion This point is illustrated by two examples of my own already 
published (Barber and Osborn in 1937 ) 

A man of 32 years of age joined up at the beginning of tjie \var in 
1914 vMth a previous history of good health and athletic activity He 
served a year in ihe front line In 1915 he was blown up and buried in 
the debris A dav or two later be recovered consciousness lo find his heart 
very distressed There vs as no external injury He was five years in one 
hospital and another From 1919 until Ins death in 1937 from pneu 
monia be was under my own observation many times It was obvious in 
1919 that the mitral val\e wras diseased there being a systolic bruit and a 
locahred mid-diastolic sound Five years after the injury lie could sit out 
of bed and he improved gradually By 1930 (15 years after the injury) 
the physical signs were indistinguishable from those of mural stenosis of 
rheumatic origin There was a presystolic thrill and bnut localized to 
the mural area His condition remained stationary When he died from 
pneumonia 22 years after the injury the stenosis was obvious and there 
were fcaiiires wliicli confirmed b^nd doubt the diagnosis of trauma 
IS 
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Tlic evidence is conclusive Urn the mitral v-ahe was normal before 
the trauma At a stage when the clinical features were i>'jncal of mural 
stenosis the trauma could onl) be recognized through the detailed histor) 
By way of contrast I have the following record (Barber 1938) 

At a coroner s post mortem in 1937 at the Derb) City Hospital I was 
present when Dr Osborn demonstrated disease of the aortic valves ver) 
suggestive of being the result of trauma There was an old fracture of the 
sternum over the base of the heart The man was wounded in the leg 
during the war in 1916 when a front line soldier so that presumabl) Ins 
heart was *normaI Whilst he was in a casualt) clearing siaiion ilic 
sternum was fractured by a fall of roof in an air raid after which he 
was invalided out of the service The history is so fragmentary that it is 
not possible to make a definite diagnosis of traumatic disease of the 
aortic valves but it is the most probable explanation The aorta ilsclf 
was particularly heahliy as also was the mitral valve 

The case was acccptetl as death resulting from war service but 
saentifically it is not proved m the absence of any records wlucli help to 
assess the heart condition soon after the fracture of the sternum 
Kissane koons and Fidler in 193G reported a case of rupture of the 
aortic valves in a man who was buried by an explosion The sternum 
was fiactured and there was a crushing sensation m the chest witli 
dyspnea as soon as consciousness was regained He lived for rather more 
tlian a year when the aortic lesion was confirmed at autopsy Two cases 
reported by Kissane in 1937 "'s contusion of the heart showed evidence 
of damage to ilie mitral valve ^\'^lks in 1865 recorded the case of 1 young 
man who fell from a height sinking Ins left side on a stone He died two 
days latei from peritonitis due to a ruptured bowel Dyspnea had been 
present but a stethoscope was not used No external bruising was seen 
at necropsy The posterior cusp of the aortic valves was split transversely 
but diere was no sign of chronic disease of the valves A small deposit of 
fibrin was found on the nigged edges of the valve Gibson in 1909 
recorded a case in the rdinburgh Royal Infirmary of rupture of tlie 
mitral valve from the kick of a horse 

A sufficient number of similar clinical and pathological findings Ins 
been recorded lo make this type of valvular lesion a well rccogni/cd 
clinical entity There may be no evidences of external injury The 
immediate symptoms may be somewhat masked by the blow or other 
mjunes but early distress and signs of a valvular lesion will establish the 
diagnosis 
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V more difficult problem is to assess tlie significance of a histor) of 
direct trauma to the chest ri'all as an etioJogical factor in a pirticulir case 
of \alvuhr disease of the heart Tlie rvell knots n facts that rheuiiniic 
infection may be present with little or no history of its adsent and that 
the nortic t ah es ill become sclerosed from continued strain lead us to 
accept ivithout question that most cases of lalviihr disease are due to 
natural causes Allbutt m 1873 however, described trio cases of mitral 
stenosis in young men in one case due to the kick of 1 horse and m the 
other to 1 blow iMth a cricket ball The immediate distress at the time 
was ahrming but the hearts function was not distiesscd soon aftenvards 
to a degree that would indicate rupture of a valve AJlbutt saw each 
patient about a year after the blow and found definite evidence of mitral 
stenosis which he attributed to trauma Judging by analogy from the 
proved cases of rupture of a valve it is clear tint a blow might produce a 
contusion with hemorrhage or small tear in a vahe which on healing 
would progress towards clironic valviilai disease WJiere the evidence 
seems reasonably convmang the diagnosis 1$ justified Bright and Beck 
tn *935 lecorded post mortem evidence of bruising of the interv entncuhr 
septum 

CONTUSION OF THE HEART 

1 Pericarditis Wlien death follows soon after a blow over the pen 
cardium there may be subpencardial liemorrhage sometimes spreading 
around the vessels at (he base of the heart or perhaps into the 
mediastinum Unless it is sufficient m amount to hamper the action 
of the lieart, such heniorrhage will not produce symptoms Traumatic 
pericarditis may give rise to a friction sound but not necessarily Such a 
sign IS present sometimes when a contusion is probable It is a sign which 
may have been overlooked in some cases of injury, in which a possible 
contusion of the heart is considered subsequently 

2 Angina Pectons There are numerous references in medical ht 
eiature to angina pectoris following a blow over the cliest In most cases 
liiere are disposing causes of age and arterial degeneration While in 1 937 
states that fatigaie of nervous type may dis|>ose towards angina Tins may 
be an added factor when litigation is impending Beck in 1935 and 
Kissane in 1937 described the syndrome m cases recorded as contusions 
of the heart For convenience angina pectoris follouing chest injury 
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may be discussed under the heading of contusion of the heart but there 
ma) not in all cases be structural damage Leuis in 1937 avTOte \ngma 
pectons and cardiac failure never can find equmlents in the terms of 
structure 

As an example of angina of effort the result of direct injur} to the 
chest uall the folloiving recorded case (Barber 1938) is significant 
because there is no question of compensation The diagnosis is based on 
uhat the man himself and his doctor can tell us 

A railwa} clerk aged 54 )cars 1 as ahvaj-s had good health On June 
4 1957 he iTJcd to jump on 10 the rear of a loiT} avhidi mo^ctl He fell 
heaMl} onto Ins left side sustaining a nit head and bruised elboi^ and 
hip and his ribs svere sore There svas no immediate discomfort apart 
from the bruising but a fortnight laicr s\hcn recoscring from tins he 
noticed that sshen ualking bnskl) for an omnibus he got a gripping pain 
m the chest radiating down the left arm and be had to stop Tins dis 
comfort became more frequent and occurred on slight exertion such ns 
climbing stairs so that after doing a fortnight s svork lie gave it up The 
heart was recorded as irregular and the rate unduly incrcasctl on exertion 
In August the attacks s\cre less severe but they persisted Tlie pulse w*a$ 
regular He improved but in December viould still get angina v illi 
moderate exertion On December 7th seen b> m)scir the heart shot cd 
no abnormal signs and an electrocardiogram was normal The cxcrase 
tolerance vvas rather poor but he was projiosmg to go back to his dunes 
whiclt viere clerical He did not feel capable of vvorking m his gartlen 

3 Sudden Death A rare but well known occurrence is fatal s>ncopc 
following a blow over tlie heart without there being an) abnornialit} 
detectable at autops} U is significant m relation to this event that Kis 
sane in 1937 recorded vemnctilar fihnlhuon in a tlog immcdiatcl} after 
an experimental blow with death in 16 minutes This was an isolated 
event m a number of experiments and had no relation to the force of the 
blow An autops} revealed no abnormal lesions Beck in 1935 records 
ventricular fibrillation with death m two out of 25 experimental 
contusions 

4 Myocardial Injury As an illnstrauon of how tlic heart muscle 
may be injured without external signs of bruising there is a case recorded 
b} Groom in 1897 of a boy of 16 who collapsed and died while walking 
A month previously the sliaft of a pony trap pressed lum against some 
railings He lay up for five days There was no external bruising Post 
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mortem the left \entricle tv-ts seen to be ruptured It appeared to have 
de\ eloped from the endocardium outrvard 

The absence of symptoms r\lien theie must have been a severe con 
tusion of the heart miiscJe is strihiiig-, and this featuie is illustrated by 
Gunewardene’s record in 11)34 of a boy of nine whose chest was pressed 
against a wall by the back of a bullock cart Examined soon afterwards 
he showed no external injuries, nor evidence of internal ones He felt 
well the following day and went to school, where he played the usual 
games On the tenth day while playing, he had precordial pain and fell 
down dead An autopsy revealed a hemopericardiiim due to a rupture of 
the left ventricle 

O’Neill m 1914 described rupture of the heart 47 days after a chest 
injury, and Fraser (1929, quoting Vaqiiez Laidlaw) , a fatal case of con 
gesnve heart failure with postmortem evidence of myocardial injury 
which Ind been sustained several months previously In neither of these 
patients had myocardial damage been suspected 

If severe contusions which have evennialJy ruptured into the peri 
cardium may give rise to very little m the way of symptoms the problem 
of diagnosis is difficult AVhite in 1937 stated that contusion, or even 
partial rupture of tlie heart wall, is probably much more common than 
has been thought in ilie past, because of the usual recovery Sometimes, 
however, we do get a history and clmicai features which are very stig 
gestive of myocardial injury either with or without signs of injury to the 
chest wall or bones of the thorax 

A lorry driver, aged 40 years, with excellent health, was lifting large 
blocks of limestone into the lorry One stone broke and a large piece 
struck him on the front of the cliest and knocked him backwards He felt 
a sharp "stitch” above his left nipple, but there was no outward injury 
He ceased loading and rested a little, but felt quite well and drove the 
lorry for several hours He went to bed apparently all right but woke up 
with precordial pain, dyspnea, a cold sneat and his legs felt numb His 
doctor was called but only recognized a rather weak but regular pulse 
He remained in bed seven weeks v\ith some pain and discomfort in the 
left side of the chest Seen by myself two months after the accident no 
abnormalities were detected on physical examination or with radiology 
or the electrocardiograph He still complained of a feeling of weight in 
Uie chest and inability to exert himseU His exercise tolerance, tested by 
climbing the stairs, was poor Six months after the accident he had 
recovered 
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In 'i case with simihr symptoms {Birber, 1938) admitted to hos 
pital on account of a se\ere blot\ on ilie chest tlicre was expectomion of 
frothy serum for a fetv days Several electrocardiograms slioued no 
abnormalities 

The physical signs of localized myocardial injury uill be negligible 
unless some transient changes in the T tvave of the electrocardiogram 
can be detected Beck in 1935 and kissane in 1937 have recorded 
such findings and found them comparable with experimental records 
from dogs 

The symptoms suggestive of myocardial injury follow mg direct trauma 
of the chest wall are oppression behind the sternum with pam tending 
to radiate into the left arm dyspnea and perhaps frothy expectoration 
But It IS important to realize that severe myorardial damage may some 
times be attended witli very little distress and also that in those cases in 
which the sternum or ribs are fractured the symptoms tend to be masked 
Of physical signs we can only look for transient changes m the electro- 
cardiogram winch must be sought for early 

Typical attacks of coronary thromliosis witJi clnracierisiic electro 
cardiogram have been recorded (Beck \\earn ipSj) a day 01 two after 
a blow over the chest in one case from a golf ball There was a short 
period of immediate distress followed by recovery and the coronary 
occlusion developed a few days later 

■W ith possibilities so variable it is difficult to assess the prognosis in an 
individual case or discuss the prognosis question in general There is 
clinical evidence which is worth noting that it is in the second week aftci 
injury that a contusion is most liable to rupture \\e may accept the 
teaching that a number of contusions of the heart pass on to complete 
recovery undiagnosed On the other Innd I lieheve m some cases the 
heart is inefficient ever after a severe blow on the chest Tlie following 
record (Barber 1938) is an illiisiraiion 

A coal miner aged 50 years Five years ago a siccl bar cruslictl liu 
chest against the roof of a coal mine causing fraciure of five nbs on the 
left side He vras three weeks in hospital and three months as an out 
patient He returned to work but gave up after tlircc days because he 
was short of breath on exertion and dizzy csjscaally after stooping He 
has worked for short jieriotls since but has remained short of breath on 
exciuon with some aching m the left side On examination his general 
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conduion and nniscidar tone itcrc good ilc uas a stcadj and rejiabic 
man of the best tyjK; The chest exptnsjon was two and a half inclics 
Radiology showed a licart normal in size with the lungs clear and the 
ribs united The arteries were health) The blood pressure was Sjstolic 
115 mm diastolic 75 mm The heart showed no abnnninl signs and an 
electrocardiogram was normal The pulse rate w-as 95 on amial u wis 
81 after a short rest after slowly climbing 18 stairs it was HO md he was 
short of breath While walking slossly on the flat he was incapable of 
talking witliout exhibiting shortness of breath 

There ts no absolute proof tint this man s incapacity is related to his 
heart but it is probable His general mental and bodily makeup arc 
sound and reliable His limitations do not tary as they tend to in the 
neurotic or malingerer The condition is not unlike the senile heart but 
his other tissues are healthy Oser a period of about 30 years I ha\c met 
with fue other men in wliom I would draw a similar conclusion If the 
proof of an mefficieiu heau be accepted it is following the teachings of 
Lewis in 1937 not to make the attempt to diagnose in the terms of 
anatomy but in the more certain terms of function 

Beck in 193^ described a man of 59 years suffering from cardnr 
asthma on exertion Tliese attacks were the sequel of a contusion of the 
heart 16 years presiously since when his heart capacity had ne\er been 
normal 

It IS not possible to describe a definite dmic.1I picture of myocardial 
contusion but there is eMclencc as follows 

(i) There may be serious myocardial injury with sunnal for a 
number of days with a feu or no symptoms to give warning of a fatal 
termination 

(*») Soon after a blow over the precordiuin there may be symptoms 
nhicJi powr to injury of the heirt tnusde of nhich dyspnea a feeling of 
oppression m the cliest with jicrhaps anginal pain and expectoration of 
frothy sputum are the most chanctenstic There may be a short interval 
after the injury before these symptoms tlcvclop Proof of structural dam 
age has sometimes been obtainetl by finding transient electrocardiographic 
clianges Apart from sudi evidence the symptoms might be explained by 
hemopericardium or bleeding around the vessels at the base of the heart 
There may be a pericardial friction sound 

(3) V blow over the cliest wall may give rise to angina pectoris sonic 
form of arrhythmia or to rupture of a valve In some such caws transient 
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changes m the electrocardiogram have indicated myocardial injury m 
addition 

(4) Coronary thrombosis has developed a few di)s after a blow over 
the precordium The blow having caused immediate distress tliere Ins 
been a period free from symptoms till those of occlusion came on 

(5) Sometimes long after an injury of the chest there may be eii 
dence of an ineHiaent heart whicli is possibly a sequel of myocardial 
contusion If the sternum or several ribs have been fractured the conch 
tion of the heart soon after the accident may have been masked by these 
injuries 

(G) Clinical and pathological evidence proves that the heart may 
sustain serious structural damage from a blow or crushing injury which 
leaves no evidence externally nor fractures the sternum or ribs In addi 
tion to the evidence alieady adduced Bilderdeck in 1919 in an adult and 
Hamilton in 1934 m a child have recorded traumatic rupture of tlic 
heart immediately fatal without external injury 

(7) Tlie morbid anatomy has shown tliai anyone of the chambers 
of the heart may be ruptured as the result of trauma Tliere are a feu 
records of an aneurysm of the heart which has developed at the site of a 
contusion Tliere does not seem to be any recoided evidence with regard 
to the post mortem appearance found or sought for in those who appear 
to have survived a myocardial contusion foi a considerable period There 
are now sufTicient clinical records of these cases to make this a practicable 
study 

The treatment of contusion of the lieart is chiefly confined to a 
judicious assessment of the amount of rest indicated The clinical cm 
dence that rupture has been common in the second week is important 
Bright and Beck in 1935 were of the opinion that the sudden collapse of 
rupture into the pericardium might be met by operation and suture 
although they admit that hemorrhage into the pericardium following a 
contusion of the heart is not always fata! On clinical evidence I tliink I 
have seen one survival of this event although the heart cfliciency Ins not 
recovered completely If there is evidence that the action of the heart is 
hampered fiom comjjression of hemopcncartlium (see Wounds of tic 
Heart) aspiration of the effusion may be considered 
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WOUNDS OF THE HEART 

Wounds of the heart are caused by needles, cutting instiuments and 
firearms. In cnilian life they are met witli most frequently in countiies 
where the use of the knife is common. For clinical purposes wounds 
may be divided into ts\ o varieties: 

(1) Those m which there is free communication between the pen 
cardium and the pleural cavity oi the outside. In sucli cases, death usually 
supervenes quickly and the only symptoms and signs are those of loss 
of blood. 

(2) "Wounds s\hich give rise to accumulation of blood m tlie peri 
cardial sac causing compression of the heart This may result from a 
wound which penetrates the heart 01 from a divided coronary artery. The 
symptoms of compression, or heart tamponade, are' Shock out of proper* 
tion to the loss of blood, a low blood pressure and pulse pressure, with 
tendency to slow pulse. A cold dusky skin with sweating The exteinal 
jugular veins are distended; which has significance when the head is 
elevated. Tlie heart sounds are distant and indistinct. With air and 
blood in the pericardium tliere will be a splashing sound The electro 
cardiograph may not help in diagnosis, although nfter an operation in 
which a coronary artery has been ligatured, it gives a characteristic pic* 
ture. There is no pain in this event, however. Wood in 1937 showed 
that a pericardial effusion may give rise to electrocardiograph changes, 
particularly characteristic in the T wave of Lead II. The use of chest 
electrodes is on trial. Occasionally with a pericardium filling slowly 
radiology may help in the diagnosis Aspiration of blood from the peri 
cardium may help in diagnosis. 

In treatment the immediate indications are rest, with tlie foot of the 
bed raised and perhaps morphia. 5ah‘«e infttsKHi and adrenalin injections 
are valuable. Preceded by experiments on animals, surgical suture was 
practiced successfully towaids the end of the nineteenth century, and the 
technic has been perfected since. Beck in 1926 also Bigger and Porter in 
L934 reported successful cases with recovery in a comparatively short 
time The after history of these does not appear to have been collected 
as y'et. 

PRIMARY CARDIAC OVERSTRAIN 

Tliere is some diversity of opinion, amongst those best qualified to 
express it, as to whether the normal heart can be strained. Let us define 
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the normal heart as one that is efliaent for the age and usual activities of 
an individual and one uhich noiild show no abnormality on examination 
with all the methods at our disposal Price m 1937 defined Primary 
Cardiac Overstrain as a cardiac disorder which is the immediate result of 
excessive or injudicious ph)sical exertion in an individual whose heart 
was previousl} normal 

In a chapter devoted to the subject of trauma of the heart it will be 
sufficient to confine ourselves to one form of overstrain which is the 
intense unexpected effort foi which a man is not trained and dunng 
which the chest is probabl) fixed a\ith the glottis closed Tjpioal 
examples m everjda) life are a beav) lifting effort or the cranking of a 
heav> and cold motorcar Sometimes there is impending disaster if the 
effort should fail so that fear and excitement ma^ arise Tlie following 
note (Barber 1938) is a tjpical evimple 

A man aged 30 was carrying a bag of cement weighing iwo hundred 
weight across a stream His fool slipped and he made a very considerable 
effort to save the bag from falling into tlic stream winch v ould have 
ruined (he cement He had aaiic distress in ihc left side of Ins chest and 
collapsed on the ground This v\as m the middle of the morning He 
went on doing light uork all day suffering from palpitation and si ort 
ness of breath He vsalkcvl home a mile or two very slowly with his 
father for whom he worked He went to bed and passed a restless night 
His doctor kepi him in l>cd three or four days after nhich he got about 
a little TJie palpitation and shortness of breath continued to some 
extent for tuo years Physical cxaminaiion at this time sboued a pulse 
rate of about 100 when out of bed v\ith occasional ventriailar extra 
systoles after resting from exertion to whidi there was poor response 
He v\as of good athletic physique Before the event in qtiesuon he was in 
excellent health He served four years m the war during which time he 
won a three nule race without ibscomfort 

My own experience would not suggest that this type of history and 
sequence is of frequent occurrence Allbuit in 1909 believed that over 
stress of effort might end in strain but he taught that for one disability 
due to strain there are 50 of secondary and incidental derangement On 
clinical evidence he believed that the heart muscle might suffer from 
dilatation during exceptional effort witli subsequent ill effects sometimes 
temporary and occasionally more or less permanent 

Since that time fluoroscopic examination has proved that the 
irritable inefficient heart whicli is the sequel of strain real or alleged 
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IS not dihled but is of normal size But the anatom) of the heart after 
tlie cs eni is of less significance than its function In considering the siriic 
{lire of the heart during the effort ue maj bear m mind the obsenatfons 
of Leu IS m IQS'* Uiat uhen the heart is e\amined under the x ra) screen 
uith inspiration held and the glottis closed it is seen to dilate greatU 
There uas abundant eiidence tint health) men could perform this test 
uitli impunit) But although this ma) be ph)siologinl dihLation it 
might proceed to pathological injur) of either structure or function dur 
mg exceptional circumstances 

It IS outside the scope of this chapter to discuss the heart rcserscs in 
relation to athletic escnis But it is a reasonable premise to the subject 
under discussion here to sa) that in athletic event the heart is the part 
least hkel) to break doun and strain m aihlcies is almost confined to 
those taking part uheii suffering from some infection ^\hitc in 1937 
stated that heart S)inptoms or signs that follou industrial strain or acci 
dents are iisuall) of the ncurocirciilator) asthenia i)pe or arc diit to 
aggravation of heart trouble alrcail) existing This is in agreement uitli 
Allbuit s teaching a generation ago \\c arc ficed uiUi the ncctssit) 
houever of tr)ing to assess the signtricaiicc of the sequence of events 
which ma) result from a short intensive effort in the average man 
Donahue in ig‘»7 in an article entitled \ctidcnts ind Heart Disease 
from the Courts Point of View wrote 'We do Iiavc a great man) cases 
of dilatation of the heart occurring at work v\hilc the cmplo)eL is under 
some particular strain He is lifting sonic unusuall) licav) load or is in 
rather an awkward position doing heav) lifting vvhen he lias thhtation 
and becomes sick sometimes collapsing immediate!) The events arc 
as described whether or no we accept dilatation of the heart as the 
explanation And of course a histor) cxactl) similar ma) be ohiaiued 
from an effort unrelated to industr) AMicn the patient comes under 
observation later he complains of some palpitation and restlessness par 
ticularl) at night but cliicf!) of shortness of breath on ordmar) exertion 
The exercise tolcmnce is jxkit Tlicrc ma) he premature ventricular 
contractions A fluoroscopic examination reveals a heart normal in sire 

There arc three reasonable explanations 

(i) Tint he is suffering from the effort s)ndrome or nctirocircula 
tor) asthenia and the alleged strain has drav%n attention to tlic dixahilitv 
As confirmation of this we should expect that the njxacav for cxernon 
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uould be \anible from da) to da), and there might be evidences of 
nnxict) neuroses Sighing is common and characteristic There may be 
comphint of genenl vieakness In typical examples the effort alleged 
to have produced the condition will not have been an excepuoml one 
It IS usuill) taught, however, tint the effort syndrome occasionally may 
follow some exceptioinl physical effort, and also that in spite of the 
wisest of treatment, some of the subjects must be warned that they are 
unsuited for strenuous callings 

(2) Tint lie Ins torn some fibeis of the pectonl muscle or strained 
1 costochondral junction to which is added a cardiac neurosis Tins 
exphnalion is given prominence h> some of those who hold the view that 
the normal heart cannot suffer as the result of strain One example 
(Barber, 1938) cliaracterisnc of rupture of pectoral muscle fibers was 
free from cardiac symptoms the only comphint being persistent pain 
worse on certain movements for three or four weeks Perhaps if the 
hearts .action had been disturbed as the result of an associated neurosis 
the diagnosis would have been more difficult But pain which persists 
IS unusual after short intensive efforts Morever, it must be remembered 
that the type of effort may be one quite unrelated to any chest muscles 

(3) That there has been some definite strain of the heart muscle, 
which has disturbed the function of the heart Tliere may be other 
structural injury, for example a blood vessel ruptured in the myocardium 
or on the surface of the heart as (he result of forcible beating The 
feature most characteristic of a genuine myocardial weakness is a con 
sisient nonvarying degree of disability at any particular stage There are 
no symptoms except on exertion TTie history of the particular strain 
alleged and the evidence of any witnesses is of value The past mecficaf 
history, including the evidence of his own doctor is an important guide 
That a normal heart should suffer as the direct result of a short intensive 
effort IS an excepuonal event but if all the evidence is carefully assessed 
It seems probable occasionally It is agreed that a diseased heart may 
suffer ill effects from strain It is sometimes suggested that the older 
hearts should be separated from tlie younger m this connection But 
where is the exact dividing line in age’ Or for that matter, have we the 
knowledge to draw a definite line between the diseased heart and the 
healthy’ 
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As the sequence of a short intensive effort witli the chest fixed and 
the glottis closed, it is probable that sometimes the effort syndrome may 
result, sometimes there may he rupture of pectoral muscle fibers unth a 
cardiac neurosis added, but sometimes there may be a genuine overstrain 
of the heart. 

Management and Treatment: WTiateser diversity of opinion there 
may be with regard to the diagnosis of the condition there can be agree- 
ment with regard to treatment. With a history of some exceptional effort, 
a short rest is indicated. There should be reassurance that there is no 
danger to life, and that the outlook is tisorable. If die opinion has been 
communicated to the patient that there has been dilatation of the heart, 
it is important to ha\e a fluoroscopic examination at once, to assure him 
that it is of normal size. After a complete examination it is necessary to 
institute a carefully graded com-alescence. In diose industries where 
diere is a medical adviser to the firm he should share in this management 
of the problem. Tliere is a genuine disahtHiy whatever be the cause. 

TRAUMA OF THE HEART AND COMPENSATION 

In the preceding paragraphs the endea\or has been made to discuss 
trauma of the heart u'ithout reference to compensation liability. In this 
way the evidence may be criticized closely, but with an open mind uncom- 
mitted by prejudgment. 

As a guide in compensation problems, let us summarize what is pro\ed 
beyond doubt. Both direct \ioIence and strain of effort may lead to 
auricular fibrillation or to valvular injury. If the event change the life 
history of the patient we are absolved, in the main, from deciding the 
problem as to whether disease was already existing. 

Tliere is considerable recorded evidence of contusion of the heart 
after a blow on the chest; but diagnosis is obscure, and a sequel suggest- 
ing myocardial weakness may present a problem difficult to assess. 

The most vexed question is whetlier there may be genuine primary 
cardiac overstrain following a short intensive effort. Let us regard this 
as a rare and exceptional event, but one which may sometimes change a 
man’s life history, although probably only for a time. The indication is 
to give a good prognosis, with early return to work, such as he is able to 
do. It is usually in the best interests of all concerned to avoid tlie division 
of opinion whicli litigation encourages; because with a definite history 
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uoiild be \arnble from to day and there might be evidences of 
anxiety neuroses Sighing is common and characteristic There may be 
complaint of general ueaLness In typical examples the effort alleged 
to have produced the condition will not have been an exceptional one 
It is usually taught however that the effort syndrome occasionally may 
follow some exceptional physical effort and also that m spue of the 
wisest of treatment some of the subjects must be w'arned that they are 
unsuited for strenuous callings 

(2) That he has tom some fibers of the pectoral muscle or strained 
a costochondral junction to which is added a cardiac neurosis Tins 
explanation is given prominence by some of those who hold the view that 
the normal heart cannot suffer as the result of strain One example 
(Barber 1938) cliaracteristic of rupture of pectoral muscle fibers was 
free from cardiac symptoms the only complaint being persistent pain 
worse on certain movements for three or four v^eeEs Perhaps if the 
hearts action had been disturbed as the result of an associated neurosis 
the diagnosis would have been more difficult But pam which persists 
is unusual after short intensive efforts Morever it must be remembered 
that the type of effort may be one quite unrelated to any chest muscles 

(3) That there has been some definite strain of the heart muscle 
which has disturbed die function of die heart There may be other 
strtictural injury for example a blood vessel ruptured m the myocardium 
or on the surface of the heart as the result of forable beating The 
feature most characteristic of a genuine myocardial weakness is a con 
sistent nonvarying degree of disability at any particular stage There are 
no symptoms except on exertion Tlie history of the particular strain 
alleged and the evidence of any witnesses is of value The past medical 
history including the evidence of his own doctor is an important guide 
That a normal heart should suffer as the direct result of a short intensive 
effort IS an exceptional event but if all the evidence is careful]) assessed 
It seems probable occasionally It is agreed that a diseased heart may 
suffer ill effects from strain It is sometimes suggested that the older 
hearts should be separated from die younger in this connection But 
where is the exact dividing line in age’ Or for that matter have we the 
knowledge to draw a definite line between the diseased heart and die 
healthy’ 
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As the sequence of a short mtensne effort uiih tlie chest fixed and 
die glottis closed it is probable that sometimes die effort syndrome may 
result, sometimes there may be rupture of pectoral muscle fibers ivith a 
cardiac neurosis added but sometimes there may be a genuine oacrstrain 
of the heart 

Management and Treatment Whatexer dixersity of opinion there 
may be tvith regard to die diagnosis of die condition there can be agree 
ment tvith regard to treatment \\ lUi a history of some exceptional effort 
a short rest is indicated There should be reassurance that there is no 
danger to life and that the outlook is faxorablc If tlie opinion has been 
communicated to die patient that theie lias been dilatation of the lieari 
It is important to ha\e a fluoroscopic examination at once to assure him 
that it IS of nonnal size After a complete examination it is necessary to 
msimite a carefully graded convalescence In those industries sshere 
there is a medical adviser to the firm he should share in this management 
of the problem There is a genuine disability uhatever be the cause 

TRAUMA OF THE HEART AND COMPENSATION 
111 the preceding paragraphs the endeavor has been made to discuss 
trauma of the heart uithout reference to compensation liability In this 
vvay the evidence may be cniicizcd closely hut with an open mind uncom 
muted by prejudgment 

\s a guide in compensation problems let us summarize what is proved 
beyond doubt Both direct violence and strain of effort may lead to 
auriailar fibrillation or to valvular mpirv If the event change the life 
history of the patient we are absolved in the main ftom deciding the 
problem as to whether disease was already existing 

There is consulcrable recorded evidence of contusion of the heart 
after a blow on the chest but diagnosis is obscure and a sequel suggest 
ing myocardial weakness may present a problem difliruli lo assess 

The most vexed question is whether there may be genuine primary 
cardiac overstrain following a short intensive effort Let ns regard this 
as a rare and exceptional event but one vsliicb may sometimes change a 
man s hfc historv allhough probiblv only for a time Tlie indication is 
to give a good prognosis v\ith early return to work such as he is able to 
do It IS usually in ihe best interests of all coucemtcl to iv oid the div ision 
of opinion whicli litigation cncoungcs Iiccause with a dcfinitt history 
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of exceptional effort and a heart disturbed m function the disability is 
a real one 

Those lieart lesions of which there are only a few recorded examples 
following tminn must be considered carefully as individual problems 
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CHAPTER XVI 


ACUTE PERICARDITIS 

By William B. Porter, M.D. 

Definition; Acute pericarditis is acute inflammation of the peri- 
cardium, and the reaction in this structure is invariably an integral part 
of a systemic disease, a septicemia or an in/lammatorj’ extension to the 
pericardium from contiguous diseased tissues or organs. 

ETIOLOGY AND CLASSIFICATION 

Acute inflammation of the pericardium results in itvo basic types of 
reaction; Serofibrinous (pericarditis sicca) ; and serous, serosanguinous, 
or punilent exudation in the pericardial sac (pericarditis with effusion) . 
Acute pericardial disease should not be considered an independent 
entity, but rather a part of a systemic malady, the pericardial imolve* 
meni denoting an additional somatic reactson. The nature of the specific 
etiologic agent is largely responsible for the severity and character of the 
pericardial reaction; yet, the state of the patient at the time of the 
inrasion of the pericardium and the condition of the adjacent structures 
are factors which influence in no small degree tlie gravity of the inflam- 
matory’ process. 

It is highly desirable, therefore, to have as a basis for approach to die 
clinical problems of acute pericarditis a classification of a different order 
from that which is founded upon the nature of the pericardial inflamma- 
tory reaction. The following classification gives one the proper per- 
spective since the type of pericarditis is immediately related to the 
associated disease and this orientation logically suggests a condse and 
rational foundation for prognosis and treatment: 

A. Rheumatic pericarditis (rheumatic fe\er) . 

B. Bacterial pericarditis; 

(fl) Tuberculous. 

(6) Pyogenic: 


( 288 ) 
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1. Pneuniococcus. 

2' Streptococats 

3 StaphjlooMxiis. 

4. Colon bacillus. 

5. Gonococcus. 

C Bacillus melitcnsis 

7. Bacillus ttilarense. 

8 . Bacillus influenzae. 

C. Nonbacterial; 

(fl) Mjocanlial infarction. 

( 6 ) Uremia* 

1. Chronic glomerulonephritis 

2. Malignant nephrosclerosis. 

(c) Trauina. 

PATHOLOGIC ANATOMY 

Acute pericarditis, rheum.atic and bacterial, begins as a serofibrinous 
reaction, accompanied by myocarditis of varying quality and nucnsiiy 
Tuberculous pericarditis is an exception for the myocardium is rarely, 
if ever, diffusely iiuohed; yet, encapsulated tubercles nic occasionally 
found in the heart muscle. 

At the onset the process may be localized and may involve only one 
layer of the pericardial sac, lute it quickly involves the entire heart stii 
face and the parietal pericardium. The deposited mflammaioiy exudaic 
varies greatly in amount, sometimes being as heavy as 05 to 1 0 cm in 
thickness. Because of the constant movement of the heart, the exudate 
assumes a stringy or shredded apiie-irancc, giving the pericardial surface 
a villousUke architecture. 

In tuberculous and rheumatic pericarditis v-arying amounts of serous 
or serohemorriiagic exudates are fonned, the quanta) varying from a fen 
cc. to 3000 cc. The effusion which occurs in pyogenic pericarditis is 
purulent in character, yet, the degree of punilencc varies gteatly 

Localized effusions occ.asionally occur, TIic WTiicr recently has 
studied a patient with tuberculous pericarditis who luad an eifiision 
localized over the right auricle and part of the right ventricle Tlie 
roentgenogram had many features suggesting a large aortic aneurysm, 
and tlic clinical picture was quite similar to the syndrome of constricting 
pericarditis. Uremic pericarditis and the localized pericarditis overlying 
an .acme myocardial infarction arc relatively insignificant in tlicir gross 




FiciRE 1 Kbeunuiic pericarditis X CO f Partial or^niraiion o( fibrin laser Surface 
zone. B Dense lajer of bbtin C Gnnutalion of epicnrdial fat tissue D Adjacent epi 
cardial innamiuator)’ infiltiauon E Mjocardiiim 

FlctRE 2 Tuberculous pericarditis X 00 f Dense granulat on tissue G Chaniclci 
istic tubercle H T)pical gum cells / Cranulatioii tissue / Epiordiat fat tissue bjer 
A ^fJocardlusl (no mfiamnatory in/Uiraiion} 

Ficvre 3 Acute pjogenic pericarditis X 80 JL Acute mnammalory infliration 
A/ Septic embolus in coronary vessel A Acute inflanimatoiy infiltration of msocardium 
FiccRE^ Urmic pcncarditis X 00 O Noninflammacory hjaline fajer /*, Epicircf/al 
connective tissue 

Ficuiu: 5 Mjomabcic pericarditis X CO Q, Lajer of fibrin II Moderate round cell 
infiltration of epicardium S Degenerating swollen muscle cells T Recent m)oniabcic 
area 

FlcintE 6 Normal epicardium X CO 1/ Serosal membrane (single cell Ia)er) I Ep* 
cardial fat tissue n, Mjocardium 

PATHOLOGIC HISTOLOGY 

Rheumatic Pencarditis Although not specific, rlieuminc inflamnn 
tory cfianges m the epicardium and pericardium are rttlier diartcterisnc 
in that tliere is a granulation t>pe of infiammation extending into the 
mjocardium and to the outer surface of the epicardium This reiction 
appears to start from foci of rheumatic cells in the interstitial tissue of die 
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m)ocarduini and to spread progressively throughout most of die epicar 
dium The fat layer is entirely granulated uith increased numbers of 
vessels and lound cell infiltration Superimposed on tins there is a thick 
layer of dense fibrin vshich shows characteristic staining reaction Again 
the extreme peiipheral zone and suiface show moderate granulation 
favoring the formation of rather extensive adhesions v\Iiich later organize 
and become dense Typical Aschoff bodies may or may not be found 
When present they aie characteristic but their absence docs not exclude 
the rheumatic nature of this type of pericarditis (Fig i) 

Tuberculous Pencarditis Tlie only truly specific inflammatory 
change of the epicardium and pericardium is seen in the tuberculous 
type Characteristic tubercles with epithelioid cells and subsequent 
hyalinizing fibrosis and the scattered giant cells aie almost always pies 
ent The myocardium and immediate epicardial layer of fat are fre 
quently if not always found to be fiee of involvement the epicardial fat 
layer often being rather thick The actively granulating outei surface of 
the inflammatory tissue vshich is more vasculai and m which fibroblasts 
are proliferating greatly favois the formation of adhesions which may 
become generalized and dense (Fig 2) 

Pyogenic Pericarditis A localized phlegmonous type of poly 
morphonuclear acute inflammatory infiltration characterizes the changes 
involving any focal regions of the epicardium and the sunounding 
adjacent structures This type of reaction is found particularly where a 
small infected embolus occludes or partially obstructs a surface coronary 
vessel There follows an acute arteritis periarteritis and an inflammatoiA 
mfiltialion of tlie interstitial tissue of the adjacent myocardium and 
epicardium From tins focus a generalired purulent inflammation spreads 
over the entire pericarcfiaf sac in acme hacteriai! cncfocarditis puru/ent 
pericarditis frequently results in this manner In other instances die pen 
carditis is an extension to the pericardium from purulent foci m the 
luno-s mediastinum or peritoneum Less frequently it is a part of a bac 
teriemia or a metastatic invasion from a distant focus such as staphy 
lococcic osteomyelitis (Fig 3) 

Uremic Pericarditis TJie Jiighly- cliaractenstic change in tins type 
of involvement of the pericardium and epicardium is the absence of 
inflammatory cell infiltration The myocardium is free and the epicardiai 
tissue shows no inflammatory change Superimposed upon the surfcice of 
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the epicardium, there is a lajer of varying thickness, made up of an 
eosinophilic, homogeneous matcnal sihidi does not nke the character 
istic fibrin stains Histologicall) it appears to be, and the tinctonal 
characteristics are those of a protein precipitate No underljing in)o 
cardial damage is histologicall) demonstrable The absence of granula 
non and other inflammatory reactions evclude the probability of the 
formation of fibrous adhesions (Eig 4) 

Myomalacic Pericarditis It js probable that whenever a patch of 
myomalacia occurs near the surface or at the surface 2one of the myocar 
dium, there is a reaction of a mild lunammatory nature involving the 
immediate adjacent epicardium This reaction is usually diaractenzed 
by some edema a mild round cell infiltration and perhaps engorgement 
of the small capillaries m the epicardium The cpicardial fat tissue is 
involved when present in a thin layer The surface of the epicardium 
IS covered with a thin layer of dense fibnn, which takes dnractensuc 
fibnn stain, and thereby covers whatever slight granulation may be 
present However, a chronic inflammatory granulation tissue is not fre 
qiiently found Tins epicardnl inflammatory process tends to spread 
laterally from the origin of myomalacia and may involve a larger area of 
epicardium than is represented by ihe underlying malacic paidi The 
absence of typical granulation tissue reaction apparently protects tlic 
epicardium from adhesions (Fig 5) 

SYMPTOMS 

Acute pericarditis may exist without ihe addition of any subjective 
complaints distinct from those common to the primary disease but there 
are two circumstances which give rise 10 new sjanpioms 

1 'When there is concurrent inflammation of the pleura and this 
complication 13 frequent pain results It is usually sharp in character 
intermittent or continuous is frequently aggravated by respiration and 
the area of distribution is variable being at times only remotely related 
to the pericardial area The pam is felt most frequently over the left 
anterior thorax but, at times it is distributed to an area of the abdomen 
supplied by the left lower intercostal nerves producing symptoms which 
closely simulate acute mtraabdominal disease Pam in the left supra 
scapular area may be distressing when the central zone of the diaphragm 
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is invoUed, nnd intcrscapular pnm and h>pcrcsilicsia occur \\hcu there 
is an associated posterior nicdiastinuts 

It IS an interesting obser\ation that urcmjt pcncarduis is not compli 
cated b) plcuritis and piin is never a symptom 

2 Tlie S)inptoms other than |>am occurring in the clinical course of 
atiue pericarditis are tJie result of pericardial e/Tiision 1 licsc arc. in the 
imin, due to the degree of intrapcncardial prcssiuc ami to the physical 
compression of the extrapencardnl contiguous structures, and these 
effects, in turn, aie dependent upon the rate of formation and quaiuii) of 
the effusion A small effusion nia> proilucc no sjmpioins. whereas, a 
moderatcl) large effusion (50010) which Ins accumulated rapidly tom 
presses the auricles, vena cava and Iicp.itic veins, scnonslv iiucifering 
with cardiac filling nnd results in a diminished minute volume of ciirn 
lating blood to the lungs and systemic arteries Thoiaiic distress, tiyspnei 
tachycardia, reduced systolic and pulse pressure, elevated venous pressure 
(distention of tlie cervical veins), and an enlarged tender liver ensue 
The similaniy of the symptoms and altered circulatoiy tlyn umes to those 
occurring in congestive heart failure frequently results in the erroneous 
diagnosis of primary myocardial insufficiency. Laigc effusions result in 
the same type of respiratory and cardiovascular symptoms, but they .ire 
as a rule, of greater scvcritv. and there arc adtlcd c\irapcncardnl tom 
pression synipionis Cough cyanosis, tlysphagn and hoarseness Paiicms 
li.aving large effusions with high degrees of imraptric.irdi.al pressure 
masquerade with the chniral piciure of ndvamed congestive heart failure 
A large tender liver, extensive cdciiw. markedly distcmled jugul.ir veuns 
ami orihopiicic posture with thclicvad bent fonnrd in an effort to iclicve 
the distressing breathlessness 

TUc iem^tenture ch.vigcs, wUmctiiation rate .and f?e«7impr«ci/i 
deviations conform to ilio^c common 10 the primary disease, .ind are not 
matciially altered in degree or character by the additional mflainmaiorv 
reaction in ihc pcricirdium Ilovscvcr, uihcicnlosis of the pcrKaidium 
IS a notable exception for a inodcraic leukocytosis is usual m serous incin 
brant* tuberculosis, and not in uncoraplicatcd jiulmonary or glamhilir 
lesions of a similar ciiology 

PHYSICAL SIGNS 

'I he dngnos'is of acute pericarditis, vsithotit the .ml of lociitgcit nys. 
is dependent ujKin the ileicciion of Uiosc phenomena causcal by the 
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fibnnous exudate or bj the accumulation m the pericardial sac of an 
efFiision sufTicient in quantit) to beclinicall) detectable 

The detection of a to and fro friction mb o\er the precordnl area is 
suffiaent evidence to warrant the diagnosis of fibnnous pericarditis It 
IS usually plainly audible and its intensity is increased by pressure of the 
bell of the stetlioscope and by expiration This jihenoiucnon is jxaihog 
iiomonic evidence of pericarditis sicca but must be searclied for at fre 
quent intervals for often it can be heard for only a brief penod of lime 
This sign may have a superficial resemblance to an endocardial murmur 
but error m interpretation is not probable if due consideration is given 
to the established points m differential diagnosis Once the existence of 
pericardial friction is established its significance must be interpreted as 
indicating a fibnnous jiencarditis but it should not negate the diagnosis 
of pericardial effusion AH too frequently the heart fills the space between 
the steinum and spine and will remain against the pericardial sac in ilic 
presence of large effusions And again if the fluid distends tlie jicn 
cardium posteriorly as k so frequently does it tends to force the heart 
anteriorly against the cliest wall A pericardial friction signifies pen 
carditis which implies that an effusion may eitlicr be in the making or 
existing at that time in large quantities 

Tlie physical phenomena which arc caused by distention of the pen 
cardial sac by an effusion may be profitably discussed under two sub 
divisions 

I Signs v\hich are the result of the enlarged peiicardial sac and 

II Tliose which result fiom cardiac tamponade 

I Signs Which Arc the Result of the Enlarged Pencardiaf Sac 
(fl) An increase m live supracardiac dullness in the second and third 
interspaces especiallv to the left of the sternum This is an early sign of 
effusion elicited bv light percussion with the patient in a recumbent 
position and the extent of the dullness lessens or disappears when the 
patient sits up 

(b) \n extension of the left line of cardiac dullness beyond the pal 
pated apex thrust a higli area of left auncidar dullness and an increased 
area of absolute cardiac dullness 
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(c) Evidences of consolidation m the left lower lung lobe or 
atelectasis of this lobe (Ewart s sign) These posterior phenomena assume 
one of two rather distinct t)pes 

1 Distant bronchnl bieaihmg with impaired resonance at the angle 
of the left scnpiih 'W iih large pericardial effusions these findings increase 
involving the enure left lower lobe posteriori) closel) imitating a 
pneumonic consolidation 

*• The ph)sical phenomena of pnlmonar) consolidation plus those 
of a pleural effusion These signs at times are so strikingly similar to 
those produced b) a pleural effusion that not mfrequentl) a pericardial 
sac IS aspirated posteriori) under the belief that pleural effusion is present 
It IS obligator) therefore that some distinctive differential point be 
found to aid m the clinical separation of pericardial effusion and pleural 
effusion when these elusite phenomena are present \\ith tins object in 
mmd a caieful note has been made of the iipjier margin of peicussion 
dullness in patients with pericardial effusion and in whom the diagnosis 
has been conclusive!) made This line reaches its maximum height at the 
angle of the scapula descends dowaiv ard in the axillary zone reaching 
the lowest point in the midaxillar) line then rises to become continuous 
with the left margin of pericardial dullness An anal)sis of this line of 
dullness shows it to be a reversed Elhs S shaped line observed in 
pleural effusion the major difference being the absence of axillar) flat 
ness consistent!) found in free pleural effusions The inverted S line 
has proven to be invaluable m differentiating pericardial effusion from 
pleural effusion when there existed in the area of the left lower lung 
these confusing phenomena due to pulmonary atelectasis 

(rf) The changes m the cardiac roentgenogram produced by a pen 
cardial effusion are most distinctive for the sire and shape of the cardiac 
shadow and amplitude of contraction can be observed witli a degree of 
accurac) not possible b) any other pli)sical method Tlie roentgenograms 
should if possible be made in both the recumbent and sitting postures 
which will record the changes in shape resulting from the effect of altered 
posture on the distribution of the pericardial effusion 

The fluoroscope is peculiarly valuable for stud)ing the amphiude of 
cardiac contraction for the contraction waves progressive!) lessen as the 
intrapericardial pressure rises This rise ts at times so great that a picture 
approaching a dead heart results 
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A neu method the k^mogt-^ph is designed pnmanl) for studying the 
amplitude and character of the hearts contracting tra^es (Fig 7 a b c d) 
It IS nn ingenious ippiratus but it is doubtful whether it gives more 
useful data than a careful fluoroscopic stud} 

II Those Which Kesult from Cardiac Tamponade 
(fl) \\ith the development of pericardial effusion there is a rise in 
venous pressure The degree of venous h>periension is dependent upon 
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the rapidit) of dev elopmenc and volume of the pericardial effusion The 
elevated venous pressure results m distention of the neck veins above 
tlie level of the right auricle enlarged and tender liver and if dus state 
continues widespread edema and ascites 

(b) ith die rising inirapericardial pressure there results a fall in 
5)Stohc and pulse pressure and an increase m pulse rate The changes 
m blood pressure may be interpieled as indicating a reduction in stroke 
volume the result of cardiac tamponade and the reduced aoitic pressure 
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initiates a sinus tadijcardia to offset the effects of reduced stroke ^oIume 
on the minute volume of circulating blood. The compensation is rarely 
complete for many of the symptoms observed in large pericardial effusions 
can best be explained by a reduced minute volume of circulating blood 
(“fonrard failure") rather than the venous stasis. 

(c) Pulsus paradoxus Tliis phenomenon is observed in pericardial 
effusion, but it occurs m other cardiac and pulmonary diseases, and this 
fact greatly lessens its diagnostic significance. 
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ELECTROCARDIOGRAM 

The changes which occur in the eleclrocardiogratn consist of an ekva- 
non of the R T segment and vaijiiig degrees of inversion of the T wave. 
If electrocardiograms are made at frequent imcrrals, these clianges uill 
be found in a large percentage of patients who iiare rlieiimatic or bac- 
terial pericarditis. The earlier riTiters concluded that the devaations 
occurring in the electrocardiogram were attributable to reduction in 
coronar)' blood flow resulting from the effects of the pericardial effuslcin 
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on the coronary circulation Figures 8 and 9 sshich are selected from many 
similar experiments stiongly suggest that tlie intrapericardial pressure 
IS not concerned in the pathogenesis of the R T clianges in the electro 
cardiogram Recent studies hate definitely proven that the observed 
changes occurring in acute pencaiditis are due to alterations m the 
myocardium adjacent to tlie mnammatory reaction m the pericardium 
This conclusion is in harmony with the established facts relative to R T 
deviations 

CLINICAL PROBLEMS PECULIAR TO SPECIFIC 
TYPES OF PERICARDITIS 

Rheumatic Pericarditis The clinical liehavior of ilieumatic fever is 
no index to the probability ol pericarditis Rheumatic serofibrinous pen 
carditis is not unusual in patients m whom the joint phenomena are so 
mild that they are entirely ignoied by the individual The acute exuda 
tive types of rheumatic polyanhrais occur infrequently in the southern 
clinics yet rheumatic fever is a most important cause of acute and 
clironic pericardial disease in tfiese areas Pencauhal elusion ts a com 
tnott complication of ilieumatic pericarditis, houever it rarely if ever 
OCCUIS in sufficient volume to warrant aspiration Exploratory puncture 
should be resorted to with the utmost caution no cases in winch sub 
sequent events Jiave slioun cfiat it would have been justifiable have 
come under my notice (Coombs) Peucardial adhesions localized and 
general are end results of acuie rheumatic pericarditis It is doubtful 
however if these healed lesions have any effect per sc upon the heait 
unless the thickened pencardiiini impedes noianal venous return to tlie 
right auricle or lessens caidiac diastole 

Tuberculous pericarditis occupies 3 unique piace 212 any study dealing 
with either tuberculosis or cardiac disease It occurs occasionally as a 
part of multiple serous membrane tuberculosis oi of mihary tuber 
culosis but more often it results from caseous mediastinal lymph glands 
or clinically quiescent pleural or pulmonary foci which justifes the teim 
primary pericardial tuberculosis (Reisman) 

The clinical course of tuberculosis of the peiicndium is both elusive 
and vauable and is therefore frequently confused witli othei diseases 
Those cases presenting the symptoms and signs of massive pericardial 
effusion may be confused with heart &ilure when prolonged subacute 
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timponade lias resulted in extcnsue edenn enlarged liver and pulmonary 
congestion yet the probability of error is remote if reasonable care is 
exercised On the other hand die proliferative types of tuberculous 
pericarditis may be easily mistaken for coronary insufTiciency vvith pro 
gressne heart failure hepatic cirrhosis or an obscure febrile wasting dis 
ease At least 8o per cent of all patients who have tuberculosis of the 
pericardium are inoie than 40 years of age which fact alone adds greatly 
to the likelihood of confusing the clinical syndrome with a degenerative 
caidiovascular or hepatic disease 

Pyogenic or purulent pericarditis must be recognized early if treat 
ment IS to be successful As in odici forms of acute pericarditis the onset 
may not cause any symptoms peculiar to the disease of which it is a com 
plication howcvei when a patient suffering with acute osteomyelitis 
tmpyema pulmonary suppuration or suppurative peritonitis continues 
ill though adequate drainage has been accomplislied purulent pen 
carditis should be looked for as a possible complication The develop 
ment of caidiac distress and breathlessness with the symptoms of sepsis 
demands a careful searcfi for the physical phenomena of pericardial 
effusion and repeated roentgenologic studies should be made There aie 
diverse opinions as to the relative value or danger of a diagnostic para 
centesis pericardii in suspeaeil pyopencardium It is the only way to 
make a complete diagnosis and if pioperly performed the implied 
dangers are unimportant m compaiison with tlie value of the piocedure 

During the tenmnal stage of chronic glomerulonephritis and the 
malignant phase of essential hypertension pericarditis sicca frequently 
develops when renal insufficiency becomes absolute and there is nitrogen 
retention A localized fibrinous peiicarditis occurs with acute coronary 
thrombosis when the infarcied area extends to the surface of the myo- 
cardium Neither of these types justifies more than casual consideration 
m a discussion of acute pericarditis for they are not infectious m origin 
and in no v\ay alter the clinical course of the primary disease 

DIFFERENTIAL DIAGNOSIS 

The existence of acute pericardial disease may be entirely unsuspected 
because of the predominance of Uie primary disease or the absence of the 
usual symptoms and signs of pencardial inflammation 
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The diagnosis of fibrinous pcncardms offers no difficulties in hen the 
clnr-icteristic friction rub is he'ird This phenomenon ma> conceiiabl) 
be confused tvith a harsh endocardial murmur but such error is not 
probable if due consideration is gnen to tlic established points of 
differentiation 

Cardiac dilatation and peiicardial effusion do at nines ha\e i super 
ficial similant) The history of the illness is most helpful for the causes 
of cardiac dilatation are disimctne and quite different from those occur 
ring in patients luth acute pericarditis During the course of acute 
rheumatic carditis cardiac dilatation is occasionally compliLated by pen 
cardial effusion and this combination is almost impossible to distinguish 
fiom an uncomplicated large effusion The pioblem does not introduce 
serious difficulties for the reason that tt is doubtful uhetbei one is tier 
justified m assuming that effusions accompanyng rheumatic pcncarditis 
requne aspiration 

The differenlniion of coronary insufficiency i\uh piogrcssivc and 
irreducible congestne failure from the prohferanic types of tubercular 
pericarditis is difficult at tunes when the thickened pericardiinn obstiurts 
the hepatic ^elns and vena ca\ac Fcier inspiratory filling of the neck 
Neins enlarged cardiac area with a feeble or absent apes, beat and an 
absence of gallop rhythm fisor pcncardni ifiscase A carefuf rocm 
genologic study adds greatly to the accuracy of tlic differential diagnosis 

Acute pericarditis causes at times \cry confusing abdominal symptoms 
so perfectly simulating acute inllammatory lesions in that area that useless 
operations for suspected surgical diseases arc too frequently done This 
error will he asoidcd if due considcniion is giien to the entire chiucaJ 
history and the thoracic structures arc skillfully iiucsiigated in the differ 
ential diagnosis of atypical acute abdominal syaidromcs 

TREATMENT 

The occurrence of acme pcncardms in the course of a disease ma\ 
not introduce any problems requiring a motlincation of the tlicrapcutic 
r<:-gimc already in progress ft is particubrij tntc of the types occurriuj, 
in tlic (ouisc of iheummc fever nrcmii and coionary thrombosis that 
the iieumtnt of the pitmiry disease iv the fiist tonsulcratioii \uiii 
pcncanliiis occurring m rheumatic fever indicates however cxicnsivt 
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cardnc mvoUenient, and for this reason the duration of treatment of die 
pnnnr) disease is lengthened 

Regardless of the tjpc of pericarditis, thoncic distress and pain are 
at times prominent symptoms and require therapeutic control A lightl) 
filled ice-cap placed o\er the prccordtum frequently gnes considerable 
comfort and should be tried rotitincl) As a rule, the use of opiates is 
indicated and required Morphine sulfate not only relieves pain but 
promotes sleep and lessens the patients anxiety which is at times 
distressing 

There are three situations arising in the course of acute pericarditis 
which require special considcraiion 

1 The development of pericarditis during the course of any disease 
caused by one of the pyogenic bacteria requires great vigilance on the 
part of the attending physicians Modern surgical tieatment combined 
with the use of repeated transfusions and the siilfanilamide dcnvatives 
have reduced the mortality of purulent jicncarditis to less tinn 40 per 
cent It IS possible that this figure will greatly lessen with moie experi 
cnce in the use of this combined surgical and cliemotherapy regime 
Every effort must be made to determine the existence of purulent 
clTusion at the earliest possible moment by tlie use of a diagnostic pimc 
ture guided by careful roentgenologic study If the pericardial effusion 
IS found to be purulent immediate surgical drainage is indicated 

2 'Wlien pencardnl c/Tnsion causes sympioms which can be inter 
preted as indicating cardiac tamponade or compression of lung tissue to 
an extent that vital lung capacity is seriously reduced, pericardiocentesis 
must be promptly done thongli only a few hundred cc are aspirated 

3 Tuberculous pcricaidiiis is an individual pioblem In all types 
the established therapeutic principles for active tuberculosis must be 
nf^idly adhered to in an effou to arrest the active lesions 'Wlien effusion 
occurs. It invariably acctiniuliies in large quantities and repeated aspira 
tion is required There is some merit in introduction of air into the 
pericardial sac after withdrawing as mndi fluid as can be aspirated with 
out unduly disturbing the patient The amount injected is varied by 
different workers but 150 cc is a conservative average It is diffiadt to 
evaluate the therapeutic results reported from the use of artifiaal 
pneumopericardium however, the evidence is decidedly favorable and 
there do not appear to be any valid contraindications 
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Tuberculous pericarditis is a serious disease, yet, many cases do go 
unrecognized and recover spontaneously; and the type with serous 
effusion, if adequately treated, appears at times to recover tvith slight 
disability. 

Pericardial Paracentesis: Pericardial aspiration should never be 
attempted until the site selected for the puncture has been adequately 
anesthetized with 05 per cent novocain solution It is desnable to use 
a No. 27 needle to infiltrate the skin and the chest wall, including the 
pleura, and sufficient time must be allowed for the anesthetic to take 
effect before the e.xploratQry needle is inserted. If the patient is dis- 
tressed by pain, breathlessness and anxiety, the procedure should be 
preceded by morphine sulfate administered hypodermically 

The aspirating needle should be either No. 18 to No iG gauge size 
and have a short point A 30 cc. glass syTinge is a convenient size, which 
is best attached to the needle by a piece of rubber tubing, 4 cm m length, 
which allows some movement of the needle if it comes in contact with 
the heart. The selection of the point for introducing the needle requires 
much judgment, for it must be appreciated tliat there is no single area 
suitable to every patient A careful study of the anteroposterior and 
oblique teleoroentgenograms aids greatly in die selection of the most 
desirable area. It will be found that i to 2 cm outside of the apex 
beat in the fifth or sixth intercostal space is the area of choice in the 
majority of patients requiring pericardial aspiration. The area next in 
importance is the point formed by the junction of the ensiform appendix 
and the left costal arch. When this point is chosen, the patient’s body 
should be elevated 30 10 40 degrees and the needle directed slightly 
upwards. The epigastric site is particularly desirable uhen there is a 
large effusion, and it is desirable to empty the lower part of the peri- 
cardial sac. When the effusion projects umisually far to the right, the 
needle may be inserted in the fourth intercostal space 1 cm to the right 
of the sternum. In the rare case where fluid is not obtained from either 
of the anterior sites and there are well developed posterior compression 
phenomena (Ewart’s sign) , the needle may be inserted in the seventh or 
eit^hth intercostal space in tlie mid-scapular line vsith the left arm raised 
to lift the scapula upvrard and outward from the site of puncture This 
site for paracentesis should not be chosen if purulent pericarditis is sus- 
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pected for the danger of pleural infection by the contaminated needle 
IS great 

Regardless of care used the heart is occasionally felt against the trocar 
and the \cntricular rsall may e\en be perforated without harm but 
injuiy to a coronarj arter) ma) be serious This fact emphasizes the 
importance of assuring a patent lumen b} the use of a stilet sshen no fluid 
IS aspirated at a reasonable depth and in the choice of a needle rMlh a 
shoit hcAcled point 
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CHRONIC CONSTRICTIVE PERICARDITIS 

(Also Called Pick's Disease, Concrltio Cordis, and 
Chronic Comdression or the Heart) 

Paul D. Whot, M D. 

Definition: Chronic constricti%e pencardiiis is a disease consisting 
primaril) of obstruction to the diastolic filiing of the heart because of the 
presence of dense, unyielding, chronically diseased pericaidmm 

Sometimes allied by the unsatisfactory designation ‘Tick’s disease,’ 
this malady has become a subject of increasing inteiest and importance 
during the past few years. The reasons for this are two In the first place, 
the condition has been one easily mistaken for something else, and, sec 
ondly, it is non' possible in certain cases to effect a cure by proper treat- 
ment, uhereas in the past there ivas no adequate treatment and the dis 
ease was regarded as hopeless and necessarily carrying with it years of 
invalidism, 

ETIOLOGY AND PATHOLOGY 
Chronic constricthe pericarditis always follows acute pericarditis, 
which may or may not itself be constrictive Sometimes it is possible to 
follow’ the course of the case from the beginning of the acute pericarditis 
right through to the stage of chronic constricthe pericarditis over a period 
of months to years In a good many cases, howeter, it is impossible to 
make such .an obsers'ation, the acute pericarditis having been very 
insidious and frequently undiagnosed. 

The majority’ of the p.atienis are young (children or young adults), 
but the disease may .appear in middle age. Both sexes are affected In the 
writer’s series of 28 cases, 19 ivere male and g female. The ages (in 
ye.irs) at tvhich tfie disease became manifest were as follows; 51^, 7, 10, 
12, 12, 14, 17, 17. 21. 23. 23, 25, 27, 27, 27. 30, 31. 32, 32. 34. 38. 39. 
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42, 42, 4j, 45, 50, and 51. Thtis, there were only 5 of the 28 cases in 
whom the disease became apparent after the age of 40; it is preponder- 
antly the result of infection in youth and commoner in males. 

As a rule, the thickening of the pericardium consists of a fibrosis, the 
cause of tshich is undeterminable at the time of histological examination. 
Simply evidence of the result of inflammation is found, without definite 
indication of the cause of sucli inflammation. In a fetv cases, tuberailosis 
is disco\erable; in a few other cases, some septic infection; and in sdll 
other cases, a reaction associated t\ith polyserositis attending a pneumonia 
or other infection In most instances the etiological factor is unknown 
or obscure. In onl> tery rare cases is rheiim.atism e\cn a possible causa- 
ti\e factor. In the series of 28 cases obscT\ed by the writer at the ^^assa- 
chusetts General Hospital (pro^ed by operation or oilienvise), rheu 
matism has been the cause in no case. 

The pericardial sac may or may not be obliterated; usually it is. It is 
to be recognired at the outset that obh'teratite pericarditis is not synonym 
ous %vith chronic constnc(i\c pericarditis, since most obliterative peri 
carditis does not constrict the hean, at least to any serious degree. Both 
layeis of the pericardium may be much tliickencd to cause the con- 
striction, or either layer, epicardium or parietal jiericardium or both; 
may be so finnly adherent that it is impossible to separate them or to 
distinguish which is the more thickened. The thickening of the peri- 
cardium may be universal or only over certain parts of die heart. In order 
to have the important constricting effect, however, the amount of peri 
cardium involved is usually considerable. Tlie posterior surface of the 
heart, t.e., over the left ventricle and left auride, is generally less 
involved than the anterior surface, i. c,, over the nght ventricle and right 
auride. The great vessels may or may not be constricted at their junction 
with the right auricle. There may or may not be fluid in the pericardiuni 
in addition to the thickening. kVIien fluid is present in the pericardium, 
die constriction may be due more to the fluid than to the chronic thicken 
ing of the pericardium itself, such a state is not strictly to be designated 
chronic constrictive pericarditis, since nearly all fluid acaimuladons 
occur during aaite or subacute involvement of the pericardium, and 
should be classed under the designation acute or subacute coustrictive 
pencardiCis {cardiac lampatiade). 




I icuHE 1 Heart encased in consincling peiiardul sac. Note the Til rosed pericardium 
as thick as shoe leather (Courtesy of the Lancet London ) 


pericaidium and chronic consmetive pericarditis There may be either 
Uithout the other 

Pol>serositis (sometimes called Concalo's disease), has at times 
erroneous]} been regarded as synonymous with chronic constnctiae pen 
carditis To be sure chronic polyserositis is frequently found i\uh 
chronic constrictive pericarditis and acute polyserositis mi} precede 
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chronic constrictive pericarditis but again either may be present ivith 
out the otlier 

Periliepatitis (frosted or iced liter or Znckergussleber) and pen 
splenitis belonging to a chronic peritonitis raa^ be a pait of a pol^sero 
sitis but they bate sometimes been incorrectly attributed to chronic 
constnctite pericarditis itself 

Finally thick external adhesions binding the heart to the chest wall 
may or may not complicate chronic constnctite pericarditis They are 
not part of the picture although it is usual for the heart to be adherent 
to the diaphragm 

DIAGNOSIS 

?so one finding is conclnsiie for the diagnosis of chronic constiictnc 
pericarditis Use must be made of the assembly of all available infonna 
non including history physical cxaminaiion and laboratory data par 
ticularly electrocardiography and x ray study 

Probably the most imporiani diagnostic chic of all is the development 
m a young or middle-aged individual of evidence of increase in the 
systemic venous pressure consisting of engorgement of the neck veins 
enlargement of the liver dependent edema and actual increase in direct 
venous pressure (above lo cm of blood or vsatei) in the absence of cvi 
dence of heart disease and provided acme pericarditis v\ith effusion is not 
die cause That is the slow onset of dropsy particularly evidenced by en 
largement of the abdomen should cause suspicion of the diagnosis Liver 
enlargement alone is not indicative of the condition because there are 
many other causes for a big liver Liver enlargement and evidence of 
inaeased systemic venous pressure are suggestive of the condition but 
Jieart disease n ith failure is the common cause of such findings and these 
must be ruled out at the start The ascites that is so frequently present is 
in large part merely secondary to the liver enlargement 

It is true that increase in the size of the abdomen due to enlarge 
ment of the liver and ascites is predominant and often one of the earliest 
signs but there are exceptions to tins rule Sometimes the edema first 
appears in the feet and sometimes the edema of the legs is at least as 
great in degree as the enlargement of the liver and ascites This variation 
is probably due to the variability of the relative increase m pressure m 
the hepatic veins and in the inferior vena cava There is also sometimes 
slight edema of face cliest waff or arms especially after recumbenq^ 
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It IS of great inij)ort'inc.e and help in the diagnosis to hase had a dear 
history of acute pericarditis nith friction rub or effusion preceding the 
signs and symptoms of chronic constnctite pencardius by months or 
)eirs 



Same case l\ o jears later six luoi ths alter sirgeal cure r \fier a loiJier si\ srars 
Mill si o\ ing a nomial state ol the arculation 


Other signs tliat are helpful m establishing the diagnosis are i small 
arternl pulse pressure isith a tendency to the so called paradoxical pulse 
(a sharp decrease in s)stohc and pulse pressure during inspiration) and 
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Uie tendency for the heart to remain fixed in its position during respira- 
tion and change in position of the body. It is possible, however, to have 
the heart chronically constricted by a thickened pericardium ivhile it 
remains completely or almost completely mobile, due to the fact dsat 



Ficcrf. 3. Electrocsrdio^m (Lads I, It, III, and IV) from t)pic>I use of chronic 
constrictise periurduis (Case B ) , shouing low voltage of QRS tuses and abnormal (flat 
or inserted) T waies. 

tliere are no important external atlhesions. Broadbent’s sign is gen 
erally absent. 

The size of the heart may be normal or slightly to moderately 
increased; it is never markedly increased when an uncomplicated case is 
dealt svith, and most of the cases are uncomplicated. There are no 
important murmurs, although sy’stolic murmurs at the apex are not rare. 
There is frequently a loud third sound in early diastole, heard best at the 



f ici'XE 4 \ rav |nc(urc (tcicviuciilgcnognira) of Imre aiul per card urn of ca«c of 
diruiiic cuiuirictite peiintt)ii« hiiIi caluficiuon (Case C) Note llic rhelt of calauin 
jutt ouiiidc the thadoH of tlic left Imti twrdcr and along Uic diaj liragrnaeic border 


» subicute pericardial or {K)I)scrosmc infection or some other complica 
tion imist be suspected The scrum protein ini) or may not be reduced. 
It IS reduced in severe eases unh nnlnutruion li\cr fiinciioinl tests 
ma) or tiny not sho\^ slight Tcdticiion. but there is no e\idencc in uncom 
plicated eases of $c\trc liser damage There is ne\cr in) jaundice, or 
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by Dr ChurcIiiU in Uie hst ii years and ten oE these are t'.ell and 
active today (at the end of 1939) the otlier case hatirij succumbed to 
pneumonia and empyema a year after the operati\e cure 

TREATMENT 

The only satisfactory ticatment for chronic constiictive pericarditis 
IS surgery Digitalis is of no a\ail and may possibly do harm if it reduces 
the pulse rate belou tlie level ubich is optimal for the most favorable 
circulation in a given case Diuretics either by mouth or intravenously 
are only temporarily helpful They may however aid m tiding a pauent 
along for months or years if his condition is for any reason inoperable or 
if the pauent refuses surgical treatment They are helpful also in pre 
paring the pauent for operauon Tlie best diuretic for the purpose is 
eitlier salyrgan or mercupunn 2 cc (t^ dram) intravenously at inter 
vals of one to four weeks as needed wall or without the aid of 
ammonium chloudc (1 Cm —15 grams three tunes a day) 01 similar 
salt by mouth P iraceiuesis is invaluable in the cases not operated upon 
and in prcpaimg tlie pauents for operation Usually such pancenlesis 
is confined to the abdomen but now and Uien tlie chest cavities need to 
be empued also In the old days these pauents were subjected to abdom 
inal paracentesis once eveiy week or two or tliree for years on end a very 
disagreeable but necessary act 

Finally before proceeding to Uic radical cure of chronic constneuve 
pericardius two palliative measures of value may be mentioned i e 
limitation of pliysical acUvity and lestricuon of fluid food and salt 
intake 

Exercise by mcreasing the demand of the body for an active circula 
tion almost invariably aggravates tJie condition and the degree of con 
gestion A patient widi chrome constrictive pencardius who attempts to 
carry on his normal life is almost sure to grow worse despite otlier medical 
measures He adds weight in the fonn of fluid m the abdomen and 
extremities When he rests completely in bed he usually improves 
rapidly for a while and has a spontaneous diuresis At half or mild 
activity he is able to carry on sometimes fairly well if not badly affected 
Some pauents however are so seiiously damaged that they must remain 
complete invalids and even tlien may go on to early deatli The indi 
vidual pauent quickly finds his optirail level of activity 
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From the hcgntmng it wis appreciated tliat the moie fluid ingested 
h) 1 patient uiUi chronic constneme pericarditis the more pronounced 
uert ilie si£,ns and sjmptoins of congestion \ sliarp reduction m int ike 
of fluid in 2 1 iiours may lead itself to a diuresis When the intikc of 
fluid m 2j hours is kept below i liter (i and sometimes as low 

as joo cc (i pint) the paticiit if not too se\crtl> diseased may gel along 
fairly well with little or no need of tapping hut the continuance of 
unikcdly limited fluid intake may prove very uncomfortable and the 
patient miy therefrom lead an unhappy existence It is well to keep the 
total food intake at a rather low level (but with adequate protein) to 
prevent overtaxing the digestive tract which is already somewhat con 
jjtsied and functionally incflicicnt Of particular imjiortance is a rea 
sonable lestriction of toual sodium chloride intake about 5 Cm (ii/^ 
drams) instead of the usual to to ij Guu (ayi to 3^ drams) per day 
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uiUi reseciion bj spccnl bhilc of the left pirt of the slcniuni It is of 
considci ibic impoitancc lo idciiufy and rcinct ihc pleurae, ^\lnch ire 
also ofitn thickened and out of iJieir uoima] positions When anesthesia 
IS earned out as has been the practice by Chuichrll at the Massachusetts 
General Hospiul under tracheal iiisufllation of cilier ^uUi the patient 
111 liiesiturij' position in a dental chair, theie is no great harm in alloiving 
ail to enter the pleural ca\ities if by chance iliey should be ojicntd 

The peucardiuni is idennhcd and opened near die ape\ of die hcau 
If It 15 completely adherent it has to be incised and an aiienipt made to 
peel It off from die heart itself The process of decortication of die Jieart 
sufTicient at least to gite some relief usually takes about one hour Since 
the invohemeni is usually anterior the decortication begins near the apex 
and extends o\er the pirt of the left lentricle near die tciuricidar sulcus 
o\ci the right aeniiide beyond die aunculoveiuncuhr groosc over tin. 
right auricle ami if ncccssiry down over die inferior vena cava and up 
over the superior vena cava although usually dierc is not much involve 
ment of die veins (In one case observed a calcified band was excised 
from us position overlying the inferior vena cava ) 

The pericardium should not be cut off iii large masses There should 
always be a small bit of pcricardtuni left attached to the heart in case of 
rupture of the wall of either tight vciimcle or right auricle if the wall is 
torn, the pencaidnl tab may be sewcil over the mjviuie This was done 
in two of our successful cases 

How much of the posterior hcait chambers i c , the left ventricle and 
left auricle should be dccouicatcd is fur the future to decide Some of the 
wilier s cases have given evidence of {lostcrior constriction but ilccortica 
non of the posterior heart chambcis was not attempted One case has 
been reixiricd m Germany in whom there was a successful decoriicaiion 
first of the anterior surface of the heait and at a later operation of die 
posterior surface of the heart 

During die ojicralion it is encouiaging to find ilie licait increasing 
visibly in size and degree of pulsation while u is being decorticated Tlic 
pulse pressure may definitely increase during the operation In a case 
done by CImrchdl the pulse pressure increased at once fiom 20 to jo 
with obvious improvement in the hearts action Good judgment must 
be used m deciding when to stop the opcniion It is to be recognized that 
It IS {Hjvsibic to carry out a second opcnitioa if die first has not been com 
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plete enough. This 'W’as done in of die writer’s cases, and the 
approadi the second time proved to be very easy, there being no ribs 
to remove and no pericardium to penetrate first in approaching the field 
of operation. The reformed adhesions were nonconstricting. 

The patient is returned to the ward and kept in an o\)gen tent for 
the first day or tuo, or as long as may be needed. Great care postopera- 
tive!) to empty tlie pleural cavities of fluid, if they fill rapidly, and expert 
nursing are essential. Some patients recover very quickly vvitli spon- 
taneous diuresis directly after the operation, while others take months 
for their improvement, tlie cure going on progressively for close to a year. 
Still others show little or no improvement, and a few cases may die as a 
result of the operation. 

In a series of 28 cases at the Afassachuseits General Hospital, 20 have 
been operated on by one surgeon (C. D. Churchill) . Of these 20 cases, 
11 through December, 1939, were cured so far as chronic constrictive 
pericarditis is concerned, one was about one half relieved; one was about 
one quarter relieved; and seven died, two on die operating table because 
of the seventy of the illness, one the day following operation, one six 
days after the operation, and ilvrcc Olivers monUvs later from dve disease 
itself or from complications. Unexpected accidents may sometimes occur 
in cases that otherwise seem favorable Such happened during operation 
in two of our very young patients; in one of these the auricle was torn 
during the pericardial resection, but die tear was quickly repaired by the 
use of a bit of the pericardial flap suH attached, and no harm was done; 
for she is well today over six years later; iii the other case a girl of 13 at die 
end of the operation live right heart, which was very thin, dilated to a 
high degree, and deadv came in a few minutes, apparently as a result 
of the failure of the light side of the heart. 

In die cases that have been cured clinically, there has been a disap- 
pearance of all evidences of congesuon, except that diere may still be a 
slight elevation of the venous pressure above the normal, and persistence 
of slight enlargement of die liver. The electrocardiogram may remain 
abnomial, but frequently it improves in appearance. 

ILLUSTRATIVE CASES 

Chronic constricuve pericarditis varies so gready in its manifestations 
and response to treatment that it will be helpful to present certain illus- 
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iratue cises The first ^ull slro\\ the excellent curaii\e result m a 
se\ercl> affected )oung child. Tlie second uill demonstrate a successful 
result m a )oung man, more frequently encountered than other i>pcs 
Tile third uill represent a difficult but net crtlieless successful case in i 
middle aged man The fourtii will show a failure 

Casf a Successful result of operaltoti m a strerely crippled child 
h K now (Jul> 1939) aj^cd 17 )<.ars This yrl was reported m full 
up to 1933 in the Lancet I^ondon September 7 and 11 1933 pa^cs j3') 
and 397 as follows 

B K a girl aged ten entered the hospital on October 13 193! 
wiili a lustor) of basing Jived a semi invalid life since ihe age of ji/, 
due to a markedly enlarged abdomen resulting from ilic presence of 
mud) ascitic fluid When slic was 20 months old she suffered from vvhat 
was apparentl> an attack of acute pericarditis and her abdomen became 
enlarged At die age of 2)4 >ears a laparotomy was ]>crfonncd and a 
gangrenous appendix was removed No tubcrdcs were seen on the pen 
loncum at (he time of operation A dram was inserted and the patient 
made a good recover) The fluid returned m about three weeks but 
following an abdominal tap one month later there was no recurrence of 
fluid for Uircc )cars \t the age of 5i/« the abdominal fluid returned and 
SIX months later a Talma operation (omentupexy) was done kbdominal 
fluid injected into a guinea pig gave negative results There was no 
improvement following this ojicraiion and at ilie age of nine the piucnt 
entered a second hospital for further study Htr alHlomcn was tipped 
at that lime but not igaitt after that until her cniranic into (he Massa 
cluisctts General Hospital in the fall of 1931 when 6210 cc of straw 
colored fluid with a specific gravity of 1 015 were removed 

Her mother had dicvl of lulKrculosis during the patient v udanev 
Her faiiier is living and well 

Physical cxaiinnation showed a thin somewhat pale young girl 
With heart apparently noninJ m sire and sounds and wiihoiit nninniirs 
and with prominent jugular veins and a large protuberant iiontciidcr 
abdomen filled witJj fluid {Fig 2A} Xray cxaminaiion shuv cd heart 
and great vessels somewhat displaced to the right and anchored to tlic 
diijdiragm no puUaiioii was evident at die right border of the heart 
mil great vessel shadow the right pleura was thickened 

The clccirocanhogram shovved nonml rhyihm rate 100 vmh 
inverted T waves in Lead II 

\dvtcc wav giien at (hai time that tiie chest l>e explored surgicilh 
and the adhesions comtnciing the right auricle light viutncle and the 
great veins be freed 
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'After ati iHitr%al ot i\%o >eais this girl returned to the hospital in 
an iindianged condition nith persistence of the enlargement of the 
abdomen The scrum protein measured -1 3 per cent Xray and electro- 
cardiographic findings were as before 

“Pencardial resection was earned out on Noitmber 16, 1933, and a 
moderately thickened pencardtum containing calcareous plaques was 
rcmoied from oier the right tcntncle and right auricle by Dr Churchill 
The pericardial tissue that was reinoted showed fibrosis and calcification 
on examination There was a stormy time for two days after the opera 
tion, and during the first two weeks there was no apparent improiement 
About four weeks after the 0 (>eraiion spontaneous diuresis began, and in 
tlie course of a few months the ascites completely disappeared (Fig 2B) 
She has been in cxccltem health since, and looked well when she was last 
examined by us on ^fay 16. 1935 

The electrocardiogram on May 16, 1935, showed normal rhythm at 
a heart rate of SO, witii slightly upright T waics m Lead I, fiat T waxes 
in Lead II. and xery slightly inxcricd T xvaxes m Lead III, this record 
differed from that taken before the operation in that the T waxes were 
more normal and the xohage of the QRS waxes was greater’ 

I saw her again a fexx days ago and xxill add after tins previous account 
of her a note as to her present condition 

Recent Follow ujf— July, J9J9 Good hcalih ami rapid growth haxe 
characterized the last four years except that during the past fexv months 
there has been some evidence of easy fatigability Physical cxaixnnauon 
now shows a tall, slender, somewhat delicate appearing girl (Fig 2C) 
xxith normal heart sounds and size The electrocardiogram shows normal 
rhythm, rate 93. slight right xxis dcxiation low T waxes in Lead I, 
inverted T waxes in Lead II, and inverted T xiaxes m Lead III 

Blood examination shows a normal smear, minimal aduomia, and 
no abnormal cells 

The rapid growth and slight anemia in this girl are responsible for 
her present somewhat fnil state of health, but fundamentally she seems 
all right and there is no evidence wlmsocxer of any recurrence of the 
trouble associated with her consinctixe pericarditis for wliidi the open 
non was so successfully earned out six years ago See the illusliation 
herewiih showing her in 1931, 1933, and 1939 (Fig 2) 

Case B Shcc«5/oI result from ojieralion tn a young man with 
moderate involvement but not wholly incapacitated A common type 
O P, dieniist, 31 years old in 1939 

Chief cxiraplaint on fint examination July 23, 1936, was of dyspnea 
and edema of 15 months durauon 

History He had always been well in childhood and early youtli, and 
periodic examinations in the Officers Reserve Corps prior to the present 
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of ihc liver and edema of ilic legs associaicd with a beau normal m sue 
and VMthout evidence of valvular disease Ihe course of the illness was 
diaracteristic It was natural that one could expect little benefit from 
medicine Digitalis was cntircl) ineffective Therefoie pericardial resec 
non was at once advised 

The operation for pericardial resection was earned out b) Dr Edward 
Churclnll on October 8 1936 The pcricatdiiim and cptcardium were but 
shgliily tlnckened but both were markedly constricting the action of the 
heart There was a moderate aiuouiu of fibrin between the Ia)eis and in 
one pocket diere wcie a or 6 cc of clear )clIow fluid There was no 
calcification of the pcncardiuia The jiericardium and epicardiuin were 
both successfully lemovcd so that the s)siohc-diastohc excursions of Uie 
beat w ere markedly increased at die end of the operation 

Postoficialiie Course Thcie was an astonishingly rapid convalcs 
cence from this operation and he was disdiargcd from the hospital 
da)s after operation 

On November 16 1936 the following note was made on his recoid 
Had a satisfacior) trip home from hospital to Milo Maine b) train in 
company of nurse Marked si>otUancou$ diuresis occiincd with a common 
cold about one week after going home Since then there has been no 
fever His edema cniircl} disappeared following dns diuresis except that 
a minimal amount may be present about die ankles with recent increase 
in activity D)spnca is absent except to a slight degree on such exertion 
as cliinbiiig two flights of stairs Lowest weight 122 pounds occuircd 
after diuresis gteatest 132 now Has been caimg ver) well taking a high 
protein diet He has noted no ejanosis or jugular distention and none 
of the dizziness and flushing on bending over which was a preopcrative 
complaint Pulse rate 78 to 80 On phjsical examination he looked 
well His color was good Tlie arcumference of his abdomen at the epi 
gastnum was 30i/^ indies at the umbilicus 30>4 inches (standing) 

He visited me again leccndy (Migusi 1939) m excellent healUi wnh 
no symptoms working hard and vvidi normal physical examination 
except for the old surgical scar in his piccordiiim His venous pressure 
was normal and his liver was no longer enlarged 

Case C Successful lesult from two ruky operations in a seriously 
crippled middle aged man a difficult case 

G P male 17 years old in 1939 Banker 

Chief complaint Swelling of abdomen and legs gradually coming on 
over an interval of several years prior to examination August 1935 

Hisloiy In 1932 this patient noticed gradually increasing prominence 
of his upper abdomen requiring him to alter Ins dothes Tins he ascribed 
to the familial tendency to become somewhat portly in early middle age 
Prior to this observation he had always been well The only illness to 
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%\hicli It may be possible to ascnbc tins disease s\'is i mild influenza 
three years before One other condition whicli hid botliercd him for 
mam years consisted of extensive varicosities of tlic veins of both legs 
complicated on two occasions by phlebitis once in his right leg and later 
m his left Earl} in 193-J Ins wife noticed increasing cyanosis of his lips 
and a little d)spnca on effort Shortly after Uiat in the spring of 1934 he 
consulted his family physiaan and an \ ray study at that ume disclosed 
the presence of pericardial caluficaiion The diagnosis of chronic con 
siriciive pericarditis was made Early in lOSa auriailar fibrillation devel 
oped with an increase in his symptoms of dyspnea cyanosis and edema 
The ventricular rate however was readily controlled by digitalis and he 
improved again but still was considerably disabled by the symptoms above 
mentioned 

Physical cvammaiton August 6 193 j showed a middle aged man 
well developed and nourished except for evidence of slight loss of weight 
m the upper part of the body |>articu)arly m the shouldeis and arms 
The breailung was normal and the a)lor was good The pupils were 
c<iual and reacted normally to light There wav no arcus senilis exopli 
tlialmos or thyroid gland enlargement Tlic teeth showed much dentis 
try The tonsils were small The tongue was clean The cervical glands 
were normal There was a moderate increase in size of the cervical veins 
with slight pulsation visible There vvas no abnoimal arterial pulse in 
(he neck The heart was normal m size Tlie ayicx impulse appeared to 
be less forceful than normal The heart sounds were diminished except 
for the pulmonary second sound whicli was reduplicated There vvas 
absolute arrhythmia but there wcic no murmurs thrills or friction rub 
and there was no Bioadbents sign There was no prccordial tenderness 
The radial pulses were small and equal and slightly paradoxical in cliar 
acter The radial artery walls were soft The lungs showed slight dull 
ness and diminished breath sounds vvith a few hue atelectatic rales at the 
left base There vvas no evidence of pleural fluid The abdomen was 
moderately distended in its upper portion The liver presented a firm 
nonlender nonpulsating edge 8 an below die ensifonn cartilage and 
2 cm below die right costal margin in the nipple line The spleen was 
not palpable There was apparenUy slight ascites There was no edema 
over the back but there was moderate edema of the lower legs more on 
the right There were varicose veins of both legs more on the right 
The knee jerks were equal and active The pulse rate was 70 The blood 
pressure was l2o systolic 8a diastolic in both anns 

The urine was completely normal The blood counts and smear 
weic completely normal 
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The serum protein ^\as 6 3 mg per cenL The total plasma protein 
tvas 7 12 globulin 2 23 and albunim 4 89 The blood nonprotem nitrogen 
uas 30 mg per 100 cc 

Liter function test shotted a retention of 20 per cent of the d)e in 
tlie serum one-half hour after injection 

Electrocardiogram Vugusi 6 193 j shotted auricular fibrillation 
rate 90 tilth inverted T uates in all three classical leads 

Xray examination \ugust 8 193a shotted extensive jiericardial 
changes ttiih calaficatiou (Fig 4) pleurisy at both bases tilth tluckening 
of the pleura old fraaure of the seventh rib and clianges in the lotier 
lobe of tlic right lung consistent tvith partial collapse 

A diagnosu tias made of chronic comlriclne pencarditts uit/i calct 
fication and chronic pleurtlis Fcncanlial resection was advised- 

Ojieration was earned out on October 18 193a The operative notes 
arc as follows 

Ribs III IV and ^ resected close to costodiondral juncture and 
costal cartilages removed to sternum Iiucrnal nnmmary vessels ligated 
at upper end of ihetr exposure The intercostal bundles and left pleural 
reflection were stripped back from surface of pericardium until left 
plirenic nerve vvas idcnuficd Right pleural reOecuon not definitely 
visualized but exirapencardial tissues pushed back under sternum allow 
ing resection of left border witli the sternum knife Tlie pencardium was 
dull and opaque It vvas opened over Uic right ventndc and here vvas 
found a considerable area of thin pericardium vvith refamely fight 
adliesions Crossing obliquely across the field in the sulcus between right 
and left ventndes was a thickened cord like band containing a core of 
calcium 1 a mm in diameter intimately adherent to the pericardium 
\nolher iiiasion vias made over the left veninde so this was appruadicd 
from both sides and removed Tlie outer end of this band extended to 
a tliick shell of calcium over the left vciundc and left auridc This was 
removed to line of the phrenic ncnc Medially and infcriorly tins band 
iliickened into dense plaques running into diaphragmatic pericardium 
This was removed as far as accessible Considerable venous oozing from 
the heart occurred in tins region when the calaficd plaques v\cre removed 
The aunde was covered with a heavy slicll of calauni and it vvas thought 
wise not to attempt to remove this shell ^Vhat vvas accomplished was a 
vside ventricular decortication back to the plircnic nerve and beneath the 
sicmum Considerable gam in expansion and iiiobiliiy of the heart vsas 
obtained 

Because of an unusual amount of venous oozing a small rubber 
wick was placed m the lower angle of the wound whidi was otlierwise 
dosed v\iUi silL 

He was disdiargeil on December 11 1935 somewhat improved- 
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Later Notes September 24 1937 He has had an excellent six 
months past gaining in strength and morale but still limited pli)sicall) 
by dyspnea and still requiring occasional belly taps (February 19 four 
quarts April 5, quarts May II, four quarts June 2, four quarts 
July 28, tuo quarts) hiO tap in past eight asccks The hot t\caiher nas 
doubtless fasorablc last mondi in keeping ins iluid balance more satis 
factory Weight aluays 173 to 174 pounds aiilh pajamas after tapping 
Goes to toi^n at ten o clock daily and returns at five (luncli 1230) Not 
overtired Acute cold last Mardi Was in Nova Scotia for tlircc weeks in 
August 

Physical examination Looks well Pulse irregular at 88 Blood 
pressure HO systolic, 75 diastolic in both arms Trace of edema over 
both shins and feet (vvears elasuc stockings) Moderate distention and 
pulsation of neck veins — estimated venous pressure 18 (plus) cm Heart 
Apex impulse m fiftli space 9 (plus) cm to left of midsternal line 
(raiddav icular line 9 cm out), vigorous pulsation Heart sounds good 
no murmurs Lungs slight dullness and dimmislicd breath sounds at 
both bases (thick pleura) Liver as before— hard noniender — edge 7 cm 
below costal margin 

Electrocardiogram Auricular fibrillation venincuhr rite 8a to 00 
inveritd T waves m Leads I II and III (only slight of T,) Low 

Fluoroscopy Slightly enlarged centrally placed Iieart witli calafica 
tton at apex, left border, and lower border, pulse small on both sides both 
eaves of diaphragm restricted right heart border hazy but not calcified 
lung hilus shadows not csjiecially increased nor is jnilnionary artery 
transverse diameter of heart 14 2 cm internal diameter of thorax 27 C cm 

Comment General condition excellent Still enough consmctivc 
pericarditis to sciiucrippic him and he should have anoilicr attempt 
made to dear away the offending pericardium He is a good risk for this 
much better tlian the first time and the approach will be mudi easier 
TJie second operation for pericardial rcseciion was carried out 
October 21, 1937, as follows Old scar excised At lower end of inasion 
considerable scar tissue bound the heart to tlic sixtii cosia] cartilage This 
was resected and in itself appeared to give considerably more freedom 
to the beam Under tins region ihcix was fatty tissue in relation to Uic 
apex In following a false deavage plane the right ventricle vsas opened 
but was dosed by sutures. Then dissection was carried furibcr to the 
right, picking up the edge of the calalied shell This was freed from tlie 
heart over a considerable area by extremely cautious and painstaking 
dissection as an ojicmiig into tlic heart diamber under the thick calcified 
shell would have been catastrophic. It was difilculi to recognize the 
boundaries of the dissection as landmarks were obliterated Probably 
I got a little vvay onto the aimdc, but I am not sure Tlicrc is con 
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sidcrablc calcium left in tlie region of tlic auricle and diaphragmatic 
surface Perhaps U could be best c\|>oscd by a subxiphoid incision if 
fuiihcr operation is ever contemplated Signed by Dr E D Churchill 

He ^v^s finally discharged January 20 1938 considerably improved 
after a stoimy convalesteiicc dehyed by iccuricin puliiionaiy embolism 

In July 1939 he is m good condition He Ins had an excellent year 
quietly active in his work with no symptoms iiid requiring no further 
abdoiniinl taps for well over a year now By orlhodiagnphy there is 
evidence of calcium along the kti edge and diaphragmatic surface of his 
heart 

Structurally iheic remains imicli that is wioiig but functionally he 
is to be considered a cure 

Later Note iprtl 1910 He is in excellent hcalUi over two years 
after his second operation 

Case D Death after opetalwn m a scveicly til paltcnt (formerly 
published as Case 13 m the Lancet article September 193a) 

J A H male 5^ a shoe vvorkcr began to notice shortness of 
bicath on effort m Jaimai-y 1932 In July 1952 swelling of the ankles 
began In September lits edema had readied the tluglis and he was 
hospitalized for five weeks At Christmas time he had the grippe Pleural 
effusion developed and in February cadi pleural cavity was tapped with 
the removal of nuidi straw colored fluid He showed some asthmatic 
wheezing after cadi tap Clicst taps wcie continued fioin \pril 1933 at 
the rate of about one a week until his entrance to the Massachusetts 
General Hospital on September 23 1933 He lost snength steadily over 
this period of time but the edema of his legs subsided somewhat His 
past history was enliicly unnnpoiiani He had tonsillectomy eight years 
bcfoie after tonsillitis Family history was unimportant 

Physical examination on admission to the Massachusetts General 
Hospital on September 22 1933 showed a well developed and nourished 
man slightly dyspncic but in no great discomfort The ccivical veins 
were engorged and pulsating with liis head and neck at an ingle of 15® 
The cardiac apex impulse was poorly fell Pcicussion dullness was slightly 
increased The heiit rliytliin was absolutely irreguhr ind die laie was 
GO The blood picssure was 104 mm systolic and GO diistilic Tliere 
were a moderately loud blow-ing systolic munnur and a loud third sound 
at the apex The pulmonary second sound was slightly arcentiiaied and 
reduplicated There were no diastolic murmurs The pulses were small 
Thcie was dullness to flatness below the angle of die right scapula and at 
the cxtienu. left b isc with dtimnisliLd bieath suuiuls and slight pleural 
friction mb at the right base There was slight edema over the lower 
back and of both legs up into the thighs Tliere was moderate asaies 



CHROMC CONSrRlCTIVL I’ERIC/VRDITIS 


327 


The lucr edge uas palpable fi\e fingers breadth below the costal margin 
u was not tender 

Fluid which was obtained from abdominal and pleural ca\itics was 
evidently a transudate U hen inoculated into a guinea pig tlie abdominal 
fluid was negative for tuberculosis 

The urine showed slight albuminuria The blood was noimal except 
for slight secondary anemia The scrum protein measured j 3 per cent 
The ^\asse^lnnn reaction was negative 

\ ray examination showed extensive calcification of the pericardium 
especially in a circular region from the pulmonary artery downward to 
the diaphragmatic surface of the heart and transversely to the midline 
Pulsation of the heart was not evident except at the apex where it was 
quite distinct There was considerable fluid in both pleural cavities 

The electiocardiogram showed auricular fibnllaijon witJi a veniricu 
lar rate varying from 60 to 110 and markedly low voltage with inverted 
T waves in Leads I and II 

\fter observation in the waid over a period of ten days tins patient 
was transferred (or operation and on September SO 103S Oi Churchill 
performed pericardial resection The pericarduiin was found greatly 
thickened and calafied particularly over the nglu ventricle The line 
of cleavage was established over the left ventricle and the pericardium 
was freed around the apex at the left side of the heart With considerable 
difficulty the calcified pericardium w'ls removed from the tight ventricle 
and the diaphragmatic pericardium was resected down to the vena cava 
There was a stormy postoperative course with pulmonary edema Both 
pleural cavities wcie agnin upped the tight on October 3rd and the left 
on the -Ith He died suddenly on October 5ih 

Postmortem examination showed cliromc adhesive pericarditis with 
calcification especially posteriorly but without evidence of tuberculosis 
acute and clironic bronchitis and slight brondtopneumonia pulmonary 
edema slight right liydrothorax chronic fibrous bilateral plcuritis 
marked cirrhosis of the liver of tlie dironic portal type (not of the lesser 
degree associated ordinarily vvitli cardiac cirrhosis) perisplenitis choleh 
tiiiasis ascites and peripheral edema 
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CARDIAC HYPERTROPHY AND DILATATION 
(Cardi \c F vilure) 

By Htco Roi-sler M D 

Introduction iIy]>ertrophy iiKi dihtation of ilie Iieart are common 
in prunar) diseases of the cardiovascular $}stem Both conditions also 
occur in many sjstemic diseases, some of t\luch arc knoun and under 
stood modeniel) ncH while otlicr conditions which arc undoubtedly 
*1 facloi haae not yet been chssificd It should be lealited at the outset 
lint the presence of a heart of normal size and shape does not preclude 
the possibility of cardiovascular disease or abtioninhty 

Catigci for estimating the size of die heart during hfc relate to the size 
of the muscle plus its blood content » e, to the hearts volume The 
normal heart size shous a certain range of \aiiation and hypertrophy 
alone or with little dihtition may not be disco\crablc clinically or ladio 
logically The lenn enlargement is less commilial and often prcfcribk 
to hypertrophy and dilatation bccnusc the determination of these com 
ponenis is mostly uncertain An exception of this generalization may 
Iiold true for cases with glomerular nephritis where an hypeilrojihy of 
the left \entriclc as evidenced by the diaractcr of the apical thrust may 
be diagnosed within a short time An hyperitophy of the right ventricle 
ccminly c.in be diagnosed chnioUy only if there is present some dcgicc 
of dihiation Perhaps the term enlargement should be reserved for 
those cases where wc art unable to find evidence for hypcrtiophy such is 
noted for instincc in patients with coroinry iiicry sclerosis In sum 
mariztng, we may say tint pmc hypertrophy without an associated 
appreciable degitc of dihuition can be dngnostd only very rarely, but 
if tlierc is a deltiute dihianon present, Uicre is no dilTiculty m finding 
evidence for the presence or absence of hypertrophy 
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TJie Jay individual is fearful of the diagnosis of enlargement as an 
indtcalioii of an incurable condition leading sooner or later to death 
The practitioner is likel) to diagnose tins condition as a disease, per se 
Of course it is not iJie enlargement uhicli is injurious but tlie cause of 
the enlargement A full understanding of cardiac enlargement, of its 
functional and prognostic evaluation, and of proper treatment demands 
knowledge of the conditions which produce the cliange and of the rate 
at which they act. 

Going a step furtlicr, it may be said that the general term enlarge 
ment is not sufficient it is necessary and jiossible to determine tlie par 
tiailar enlargement of the separate cliambers of ihe heart 

PATHOLOGY, MECHANISM, DEVELOPMENT 

I rom the viewpoint of pathology, hypertrophy connotes an increased 
weight of the heart and dilatation mduntes an enlarged capacity of liic 
cardiac clumbers Dilaiauon and hypcruopliy arc in many instances 
sequelae to increased tension of die hcait muscle fibers, associated witli 
an increased energy expenditure Best understood is the influence of 
mechanical factors Common conduions such as hypertension defects of 
the heart valves, and rare conditions siidi as defects of die septa, irieno* 
venous fistula, a certain type of adhesive mediastinopericarditis Less 
well understood is die mechanism when the coronary arteries or the 
myocardium primarily is affected It is thought at the present time that 
an insuffiucnt blood supply to die myocardium over a sufficiently long 
period of lime may occasionally be responsible for hypertrophy and 
dilatation In diis connection may be cited coronary artery disease, both 
of the atherosclerotic and sypliiliuc ty|>c. and the severe anemias Much 
investigation remains to be done as lo the causative role played by rheu 
matic and other forms of myocarditis, liormonal influences (diyToid, 
pituitary gland), nutritional disturbances (15 avitaminosis) , and meta 
bohe disturbances (storage diseases) 

The term tonogenous dilatation refers to a compensatory dilatation 
of the hcalUiy heart muscle because of an increased resistance to outflow 
of blood It begins in the outflow tract of a ventricle, which is belowr the 
aortic orifice in die left ventricle and m die pulmonary conus in die right 
ventricle, and progresses against the direction of die blood stream down 
to the apex Subsequently and slowly, the inflow tract is involved, again 
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in a direction opposite to diit of tlie blood flow so that the dilatation 
finall) reaches the iespecti\e A V rings Lloiig,ntion of the heart prevails 
over widening (See the anatomic xllustntion in Chapter WI\) Myog 
enous dilatation refers to dilatation closely associated with impaired con 
tractility of the damaged myocardium Jt nnolves simultaneously all 
parts of tlie affected \entricle quite uiufonniy and the result is a pre 
dominance of widening o\ er elongation 

Predominance of dilatation indicates tliat the heart was beating 
melficiently and Ins been unable to completely discharge its contents 
Dilatation is often assoaated with hypertrophy but also occasionally 
with tliimiing of the walls In tlic latter case a local dilatation is in tlie 
foregiound (aneurysmal tliinning out of the vcmnculai or atrial* wall) 

It IS almost needless to point out that more than one etiologic factor 
may be icsponsible for caidiac enlargcincut To cite only a few examples 
In four fifUis of patients with coionary thrombosis in wliom enlaigcmeni 
is found It IS due to associated hypertension If enlaigeiuent in tlie 
course of diyrotoxic disease occurs it is chiefly due to the association with 
coronary artery disease auricular fibiiJJation and cardiac failure The 
combination of emphysema and hypertension is common 

Enlargement may affect the chambers of the heart unequally In 
respect to the left ventiicle the following factors may be mentioned 
Hypeitension (of any etiology including acute and chronic glomerulo 
nephritis and coaictatiou of the aorta) aortic regurgitation mitral 
regurgitation aortic stenosis (hypertrophy pie\ails) coronary artery 
sclerosis aneuiysm of the i all The light lentricle is involved pre 
doiniinntl) in the presence of nniraJ stenosis in the late stages of con 
gestive failuie from almost any cause occasionally in the presence of 
systemic hypertension without failure chronic disease of die pulmonary 
parenchyma such as emphysema obstrucuve disease m the lesser ciicula 
tion (sclerosis endarteritis chionic embolization) tricuspid rcgurgita 
tion interatiial septal defect pulmonic leguroitauon or stenosis (hyi>cr 
trophy prevails) B avitaminosis The left atrium is particularly enlarged 
in the presence of mural valvulai disease and this is especially the case 
when the disease results from fibrosis of die wall following rlieumalic 
myocarditis but is also observed with faihiie of the left ventricle while 

* Except neon cct on ill fbr II on tletmn ar i (Ural) r I cr il an aur cuhr 
V 11 be Used 
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for the right atrium mention should be midc of right ventricular fiilurc, 
tricuspid regui^itation or stenosis, and the interatrial septal defect It 
should be stated tliat the degree of eiilaigement in the presence of \alvii 
lar lesions does not alua)s seem to be closely correlated with the apparent 
extra load 

The principal direction of expansion of the different heart caiiiies 
IS IS folloivs Left lentricle dorsad* and to the left, but also the right and 





FirLRL I Male age 50 Had mcavk'S iii thilJliotd lo other Ui^se Tlus healthy 
ailiJete had 1-1 years o[ stui ^ itc sLaimg UqOing and high mountain diiuhing He 
tele Tiie Stat oi a tlnng muscular build his height uas Kit un. and his t^eight uas 
86 Kg (189 pounds) The apical thrust was hardly fell the heart sounds were dear and 
uilhoui liasal accentuation The heart rate was Ol per minute the D P 130/80 Tlie 
following were the orthodiagraphic inrasurcracnis Width of diet 23 7 cm obi que 
diameter Ij2 au broad djauicicr 10 4 on 

Comtnenl The heart therefore is at tlie upper maximal limit of normal sue and 
pcriaps dighlly exceeds it Sudi a rmding should be looked ujson as a physiological 
process of adaptation to tests of endurance uhidi require an increased stroke \olume oicr 
a long pcriotl (Rocsier Am. J Roentgenol) 

ventrad* right \enmcle to the left and \entrid, but also dorsad, left 
atrium dorsad right atrium to the right and ventrad 

The more generalized foim of enlargement is noted with a number 
of conditions, some common and some rare, viz, combined \alvuhr 
lesions advanced stages of congestive failure of \’aried etiology, myo 
cardial lesions in the course of rlieuinatic fever, diphtheria, gnppe and 
typhoid Fiedlers type of myocarditis myxedema, acromegaly, and 
severe and piolonged anemia In tins connection it is proper to state 


• The tenns senlrad and dorsad will be used instead of anterior and posterior 
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that all m)ocardial lesions of toxic infectious endocrine or nutritive 
origin may lead, but not necessarily, to cardiac enlargement Among 
other causes may be mentioned arteriovenous fistula, marked bradycardia, 
glycogen storage disease rhabdomyomatosis hemochromatosis with 
infantilism transposition of the great artenal vessels common arterial 
trunk, origin of one or both coronary artenes from the pulmonary artery 
bilocuhr and trilocular heart 

Prolonged and strenuous physical activity carried on as endurance 
tests (skiing, rowing cycling longdistance swimming and running) may, 
but need not bring about a slight degree of enlargement which should 
be looked upon as a physiological process of adaptation (Fig i) 

Enlargement of a few special types is reversible and this will be men 
tioned under the treatment 

Juvenile organisms acquire an increased nnss more rapidly tlian 
older organisms and hence the greater tendency toward enlargement in 
youth than in adult life Hypertrophy requires at least Uiree to six weeks 
for Its development and this may take place m a case with rheumatic 
infection and developing valvular lesion in spite of complete bed rest 

The rate ind degree of development of enlargement depends first 
upon the seventy of the disease The more marked for instance the toxic 
damage the greater will be die cardiac enlargement A second factor 
winch contributes to cardiac enlargement is physical overexertion while 
die process is still active Enlargement, is a rule, is not steadily progres- 
sive It IS likely to remain fixed m its degree and stay so for months 
or years 

Acute dtlatati 07 i of the heart is undoubtedly a nre condition 
Severe toxic damage such as noted in the presence of diphtheritic infec 
tion is perhaps the best instance Tlie right heart may dilate subse 
quent to pulmonary embolism Contrary to common belief, general 
enlargement does not follow an attack of coronary thrombosis This 
remark does not apply to the development of an aneurysm which 
takes the form either of a localized bulge or, if located in die apical por 
tion simply causes an elongation of die heart This may occur withm a 
week following the infarct 

A healthy heart may dilate suddenly This is clearly noted m 
fluoroscopy during the pause following a prematuie ventricular beat 
likewise, when the breath is held the glottis closed and a strong effort is 
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made to inspire. S/renuoiM exertion never causes dilatation of a healthy 
heart. No reliable data is available as to the response of titc se\crely dis- 
eased heart. Paroxysmal rapid heart action may be folloued by dilatation, 
but only in connection tviih the desclopment of congesti\e failure. Care 
should, be taken not to confuse acute dilatation of the heart sviilt collec- 
tion of fluid in tlie pericardial cavity. Anotlier diagnostic error occurs in 
thinking of an acme cardiac dilatauon when actually vasomotor collapse 
is present. 

DIAGNOSIS 

Enlargement of the heart in the living is studied in both its static and 
dynamic features by inspection and palpation of tlie chest wall, and by 
loentgen rays. Percussion is to be carried out, but should l)e controlled 
by radiological methods whenever possible. Tlie electrocardiographic 
study is of limited value in die diagnosis of enlargement per se, but is 
very useful for coexisting features. 

Inspection and Palpation: Tlie outennost limit of the apical thrust 
is the best clinical guide in evaluating die size of the left ventricle. In 
adults it is visible in not more than one-fifd) of all cases, and it is rather 
uncommon to palpate it in the recumbent position of the middte-aged 
or elderly person: if wcU-defmed in this position, and at this age, die 
presence of hypertrophy sliould be suspect«i Position and qu.iliiy of the 
apical thrust may lead the examiner to erroneously assume the presence 
of some cardiac cnlaigement where dierc is none. Such an obtrusisc 
apex beat slightly outside of the nipple line is noted particularly in chil- 
dren ivhcn ilieie is some rigliKoincx scoliosis of die spine: in boys 
during the rapid growth period of puberty; and in association with aug- 
mented heart action, as noted in the presence of ihyToioxicosis. The 
apical tlmist is neither felt nor seen in the obese and emphysematous, 
and is poorly palpable and shows a systolic retraction in the presence of 
mitral stenosis where enlargement of the right ventricle pushes the poorly 
filled left \cntricle away from the \cntr.il chest wall. Tricuspid regurgi- 
tation. muscular or cndocarditic in nature and associated with or with- 
out other valve lesions, has the same effect. Only in exceptional instances 
of exrcsssiie cnlaigement of the right ventricle and of the right atrium, 
pushing the left ventricle to the left, such as is noted in Instances of an 
intern trial septal defett, will .1 heaving apical thrust be observed as a |>ari 
of a diffuse svsioHc bulge of the prccorfium. The apical thrust is feeble 
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or not palpable in die presence of dilatation without hypertrophy, with 
fluid in the pericardial or left pleural cavity, with edema of the chest 
uall, and is usually aljicnt in conslrictiveadhesiic jjcricardial disease. 
Hypcrtiophy of the left ventricle causes a characteristic heaving, resistant 
apical thrust. Dilatation su{>er]mpo5cd on hyfierirophy favors die 
development of a forceful apical thrust, bcciusc the left ventricle is then 
in closer contact with tlie chest wall It is often noted that a fully com- 
pensated aortic stenosis oi hypertension, with marked hypcriropliy, docs 
not reveal the presence of an apical thrust until ddatation supervenes. 
A V ery broad apical thrust indicates a marked degree of dilatation (unless 
a narrow chest and thin chest vvall arc responsible for it) . This in turn 
signifies the inability of the heait to compictciv discharge us content 
Such a finding is, thcicforc, an unfavorahle sign. The heaving and 
resistant quality of the apical thrust may be lost when failuie sets in as 
expressed, for instance, by the appearance of gallop rhydmi. 

A careful study of the chest wall movement in heart diseases gives 
valuable information as to the underlying dynamics. For didactic pur- 
poses a slightly schematic prescniaiioii is offered.- 

(a) Systolic Piolmlsiou (Quicker and More Maiked Than the Dias 
tolic Depression IVhich Follows) : A large systolic bulge of the chest wull. 
which is most marked lialf way between the left midclavicular line and the 
left sternal bolder, palpable and often visible, is found predominantly ni 
patients vvith advanced mitral stenosis. Here the right ventricle is 
enlarged, and during llic systole the depth diameter of the right ventricle 
is increased, with the enlarged left atrium pressing the heart vcnirad and 
thus furthering the development of the systolic bulge. Associated with 
this propulsion over tlic mid|K>rtion of the chest is a flattening out of die 
lateral areas, for obviously in a tense clastic system if a defunnitv is set 
up in one area, it will affect the entire system. 

A ventricular aneurysm, arising as a rule from the left ventricle 
(usually following an anterior cardiac infarct) often gives rise to a cardiac 
dirust wliich is sometimes large and forceful in character. It is most com- 
monly located at the level of the fifth left rib and, depending upon its 
seat, pulsations are siiuatcil lateral or medial to the midclavicular line 
and may apjnoarh the left stcinal bolder. PuKuiims c.iuscd by a veniricu- 
l.ir aneurysm should he dilfcrcmialcvl from those caused liy riglii ven 
tricular hypertrophy and dilatation in association wiili left atrial ciilaigc 
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merit. The former is more cucumscribed and further laterad; the latter 
is localired more mesiad and its extension is more lengtlmise, i. c., along 
the sternum. The diagnosis of cardiac aneurism is made more diflicult in 
the presence of hypertension or mitral and aortic salvular lesions, for 
these conditions per se are responsible for a forceful cardiac thrust. Loca- 
tion of the pulsations in the fourdi intercostal space, uithin tJie left mid- 
clavicular line, is dcfinitel) in £i\or of die aneurjsmal origin of the pulsa- 
tions. Furthermore, supporting evidence is obtained from die Iiistor) and 
electrocardiographic findings indicating a preceding infarction. Conclu- 
sive evidence is given by observing the development of such a pulsation 
subsequent to cardiac infarction. 

A strong propulsion of die left chest wall to the left and ventrad is 
caused by forceful action of an enlarged left ventricle, uhilc on the right 
side there is commonly associated a simultaneous flattening of the ribs. 
Occasionally, in the presence of aortic regurgitation or hypertension, 
there may be noticed a jerky systolic shift of the eniiie chest to the left. 

A primary systolic propulsion on the right side of tlic chest nail with 
the maximum of pulsation, as a rule, found in the right midclavicular 
line between die fourth and sixth ribs is noted in the presence of a high 
grade mitial regurgitation associated with an aneurysmal enlargement 
of the left atrium The mechanism is one of impact of the blood regurgi- 
tating into the left atrium which, in turn, approaches the diest wall. A 
forceful systolic propulsion of the right caudal portion of the chest wall 
is noted in die presence of tricuspid regurgitation, where the back flow 
of blood suddenly enlarges the liver, and this, in turn, is transmitted to 
the chest irall In both foregoing conditions a jerky shift of the entire 
chest to die right may be noted. 

(h) S>s/olic Depression (Quicker and 'More 'Marked Tlian the 
Diastolic Propulsion ^Vhich Follows) : Such a depression is mainly noted 
when die cardiac volume show's a sudden and abnormally great diminu- 
tion during systole, and when simulumcously an abnormally laigc amount 
of blood flows out of the dioradc cavity. This is excmplicd by cists 
revealing a high degree of aortic regurgitation, although this is not a 
constant finding, because the systolic change in the sliape of the heart acts 
as an opjxising force; and in the presence of tricuspid regurgitation. The 
more rapidly this outflow of blood takes place from the liioracic cavity, 
the less will the inflow of air and venous blood be able to keep pace uidi 
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and counteract the considerable fall in tlie systolic mtratlioraac pressure 
Likeuise, tire increase m the marginal evcursions of die \enincle exerts 
an aspirator) effect on the chest ivnll The sjstohc depression is, of 
course, folloued by a sentrally directed diastolic mosement nhich is 
rather slow If a sjstolic depression exists it will disappear when cardnc 
failure with congestion sets in diis is because of the diminution in die 
stroke volume 

Depressions are also noted if there is interference with the funcuon 
of the pulmonar) cushion, for it is obvious that the chest wall must follow 
die centripetal* movement of the heart if the lung does not quickl) take 
up this space left vacant by the heart and die chest wall -V rapid cxpan 
Sion of the lung p-irench)am may be nnerfered with b) pleiiml adhesion 
by atelectasis winch is not uncommon m the immediate vicinity of an 
enlarged heart or because of a powerful apical dirusi Localized soft 
tissue depressions are thus observed mesiad to the apical dmist in left 
ventricular hypeitrophy md dilatation and hterad in right ventricular 
hypertrophy and dilatation 

(c) Dtojlolic Piojtulsiou (Quicker and More Marked Tlnn the 
Accompanying Systolic Depression WHiich DUier Precedes or Follows) 
This IS noted in instances of clironic pericardial disease In adhesive 
pericardial disease the following points arc v\onhy of consideration 
First, the inlnbmon of die systolic change in shape of the heart due to 
inicmal adhesions interfering with the nonnal propulsive forces— particii 
larly of the apical thrust hence the effect of the systolic diimnuiion m 
volume makes its appearance Second the effect of the systolic diinimi 
tion IS particularly marked because the mechanism of this diminution 
IS altered by the presence of adhesions The longitudinal shortening of 
the ventricular cone is mtcifered with and, therefore, a compensatory 
increase in die marginal movements of die heart results Actually such 
cases reveal during fluoroscopy a remarkably large amplitude An aspira 
tory force on the chest w-all, therefore makes its apjiearance Third, die 
aspirator) effect on the antenor chest wall is enhanced by the common 
association of pleural obliteration, which inhibits the lung parenchyma 
from acting as a buffer Since the sysiobc cliange in the shape of the heart 
IS interfered with die centrifugalf impulse due to the diastolic filling 

• The ternj cciiUijKlal li UMti imtca 1 <it inwawl 

fThc iciTO ccniiifuz^l it uwi inticad of ouiwanl 

' 24 
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of die ventricles acts unrestrictedly on the chest ivall The resulting 
diastolic propulsion is directed mainly to die left and vcntrad and is quite 
forceful while the s)stolic depression is often less impiessive But excep 
tions occur In the presence of an obliteration of die pericardial cavity 
with external fixations to die inner chest wall providing ibe heart inuscic 
functions i\ell ventricular systole deforms die left chest nail nhich is 
followed by an clastic rebound during diastole This forces the heart into 
a passive expansion and is associated with a reduplication of the second 
sound 

The second cause of diastolic propulsion is tricuspid regurgitation 
here the right ventricle empties its blood not only into the lungs and 
liver but also the influx of venous blood is counteracted Hence the 
diminution in volume leads to a systolic depression but the subsequent 
filling of the right heart causes a ventral and diastolic propulsion vvhicli 
IS quicker and more abrupt than die preceding depression 

It should be emphasized that the diastolic propulsion is often not 
recognized and is erroneously ascribed to systolic action of the heart on 
die chest wall Such an error in timing should not occur and is easily 
avoided by plaang one hind over die chest and palpating the radial pulse 
with two fingers of the other hand 

Percussion It is a subjective crude method which m the hands of the 
average physician yields rather iinccurate results An attempt is made 
to determine roughly the portion of the chest Wall that overlies the heart 
Since the right heart chambers aie in close proximity to the vential chest 
wall one will obtain more reliable results as far as the right heart is con 
ccrned as compared with die left heart chambers die bulk of tlic latter 
are dorsally located and hence jworly available to percussion The most 
common error is finding the left contour loo far to die left and too far 
crannd * Results are particularly poor in emphysematous and stout 
individuals An attempt should be made to determine die position and 
shape of the left upper portion of die contour the so called waistline of 
the heart If this waistline is preserved one will find only the slightest 
degree of dullness m the third left inleicoslal space A marked degree of 
dullness indicates that the waistline has gone i e there is an enlargement 
of lilt conus arteriosus which is the outflow intt of iht iioht ventricle 
TZie width of die duZZucss rrny extend from z to 8 an coiiurds the left of 

• The term mn ad ^*ill be used for up -ard abme 
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the left stern'll border m the tlnrd intercostal space An increased flatness 
on percussion over the loner tliird of the sternum, crannd to the right 
lung liver border, indicates an enlaigement of tlie inflow tract of the 
right ventxicle Tlie latter finding is paiticularly noted m patients who 
have had failure in the past A marked degree of flatness on percussion 
all along tlie sternum, starting as high as the lea el of the second intercostal 
space, and associated with a marked evtension of the caidiac dullness to 



FicuKt 2 Tcnule aged OK Thciiinaiic heart uith mural sicnnsu emu dcnble 
cardiac enlargement and sinus rb)thm utuch peisisied up to death This toot place u o 
^c-irs later and s as due to bronchopiieiin onia and pulmoinry m£arct (anatomic \erilici 
lion) Ucctrocardiogram rmcals simis ib>thni Uiere is present widening and noiUiing 
of ilie r deflection in Leads I ami II and a mnked degree of right axis dcintion s iioiaT 
(initnl deflection is down in Lead I and up in Lead 111) (Cyclopedia of Mcdiane 
r A Dans Co) 

die left jMrticuIarly in the thud intercostal space, speaks in fa\or of i 
pencaidial effusion The left lower heart border should be percussed if 
the cardiac impulse is ill defined or not aiailable Percussion of tlie right 
heart border helps to decide ts to whether or not the heart is displaced 
Electrocardiography Cardne enlargement is compatible with a 
perfectly normal electrocardiographic tracing Muscle hypertrophy and 
more important, muscle impairment as a cause of or associated with 
enlargement, may find their graphic expiession ^^ost of such signs how 
ever arc not specific foi any one condition and should be evaluated 
together with the whole picture 

A woiking knowledge of the apj>earance of iJic normal complexes and 
of the sjmbols used is a prerequisite for the following discussion 
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Changes i\ill be discussed first for atrial and then for \cntricular 
h>pertrophy, often associated sviili dilatation. 

(i) Atrial Hypertrophy, often associated uidi dilatation: In the 
presence of sinus rlijtlira one may find an abnormally enlarged P dellcc- 
tion, exceeding 2.5 mm. in height and 0.1 second in width, often .issociatcd 
willi notching and splitting. This is noted in the presence of mitral 
stenosis, tricuspid lesions, and also occasionally in a failing hypertensive 
heart, and in all conditions causing an abnormally increased intni- 
atrial pressure. In mitral stenosis die changes are predominantly noted 


Uadi Uadll Uadm 



FiriRG 3 Male, ased 45 Thts patient had sufTcred for tcxcral )C3r( from aMlinia. 
cniph>scma and bronchiecusu He showed right tided failure The B. P. iva$ llS/fiO 
The roentgenogntm retealcd a modenite degree of cardiac enlargement uiih inarkeil 
prominence of die cuniit arecrio^nt. Tlie ECG shout sleep and tall P ilcflectioni in 
Leads II and III as noted uith the cor pulmoiulc In addition ue note right .vxis deiia* 
lion for the initial deflection ami. m assoaation ujth it, those S to T segment thangn 
111 Leads if and III .as obsened in ibe presence of ngbt icmncubr stram. Digitalis m^j> 
canon lias uielTcttual. the diuresis uas improied by organic mercury comjiounds Death 
took place three months later 

in Leads I and II, ividcning and splitting being a common feature. In 
tlic presence of pulmonary cmpli)sem.i, pulmonary artery sclerosis and 
pulmonic orifice stenosis, steep P dcncctions without widening and noicli- 
ing may be noted in Leads II and III. Their \oh.age may diminisli dur- 
ing cardiac failure. 

(2) Ventricular Hypertrophy, often associated with dilatation; (/;) 
Axis deviation The findings in tlic presence of right axis deviation .arc a 
downward stroke of the initial dellcctioii in Leads I or I and II, and an 
upw.ird stroke in Lead III. The findings in left axis deviation arc an 
upward siioke in Lead I, and a douinvard stroke in Lead III or in Leads 
II and III. In evaluating axis dcMation, it should be borne in mind that 
the initial deflection should not be widened, as it is found, for instance, in 
the presence of Imiulle branch block. Right axis deviation, if well marked 
and showing a deep S in Lead I, practically always indicates prevailing 
hypertrophy or enlargement of the right ventricle. It is present in mitral 
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stenosis advinced and cxicnsi\e disease of the pulmonary circulation or 
of the lung parenchjma wth pulmonic orifice stenosis (congenital iml 
formation) and occasional!) subsequent to strain on Uie left \cninclc 
(hypertension) A lesser degree of right axis desiation is noted uith tlic 
hyposihenic Iiabitus Jfeniion sliould be made of the right bundle branch 
block tshere of course die avidth of the initial dcdection is increased 
Left a\ts devtalion occurs more often and causes more difficulties tn 
eialuatwn It is present uitli prciaihng hypertrophy or enlargement of 
the left \entricle (hypertension present or past aortic vaUuIar lesions 
etc) and tvith a normal sired heart svitli the hypersthenic habitus high 
position of the dnphngin and obesity and in tiicitspid atresia uhich i< 
a rare congenital malfomniioii Mention should be made of the common 
left bundle branch block in which a widening of the initial dcilcction is 
present In difTcreniiating left axis dcsiaiion due to Jiypertropliy oi 
enlargement of the left \enlncle from left ixis desiauon occumnq m tlic 
hypersthenic habitus with high position of the diaphragm and obesity 
one will be helped by the following criteria In die latter group one finds 
a normal appearance in Leads I and II while in Lead III not only the 
initial deflection but also T and often also P are dntcicd downwaid In 
die former group S is deep in Lead lit and often also in Lead II wlulc T 
m Lead III is positive Another sign is of importance and that is die 
negativity of T in Lead I associated with a depression of the S T stTjmcnt 
Parentlietically it should be noted ih u such a finding is not necessarily 
an evidence of adsmieed myocardial disease Axis deviation due to hyjitr 
trophy (and this holds true likewise for bundle branch block md for 
premature ventricular beats) shovss a tendency for the T dclltetion to 
reveal a direction opjwsite to that of the initial deflection as observed in 
Leads I and III That means that in die presence of left axis deviation 
T in Lead I and sometimes also in Lead II, is hkcly to be negative 
while right axis deviation is often issoaatcd with a negativity of T in 
Lead III and often also in Lead II Furthennorc the voltage of the iniiial 
dencction 1$ usinlly large similar lo tlic findings noted in the I C(r pu 
tern obsencxi in preimiuit vciitriciilir bcits mil umhicriJ bumJie 
liraneh block If there is noted in such hy|)crtrophy iiacin^s m ojijxisiic 
direction of the iimiil and T deflections lespcciivcly the S F interval 
reveals a sJnft similar to the T deflection, i e, where the T ilcflcction u 
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pOMUNc, Uic S-T segment is elesaicd, and t\l)cre Uns segment is depressed 
there is present a negati\ e T. 

Enlargement of both ventricles ma> neutralise each oUier, and no axis 
dcvjaiion vmII then be noted, rurihermore, it maj be stated tint, gen- 
crnll> speaking, a negative T delicction in the absence of axis deviation 



tu.tKC i Fa>ul< V> j»«I •! Wluii fim <«ni tint lUliriil had lili 

>cniuailar hnx^ntoph), the I) >' IbU/lOS rhcic vvaj nu lailurc Ftitidi Kcunai 
aricnoIcHclctteii grade 1 htpcitci»i»e t«|>e LCt. Noriiiat sinus ih}ihin iiiJiVnl 
drgTfc of Jeft axis desiauon R to T scgmctJi in Leads I and II depressed and I iicgaiisc 
III iliesc leads. Orihodtagraiii shoMcii csidoirr for left scnincnlar cnlargcincm— L. 14—, 
It 'I* an Hirec and one half stars laicr ilns itaiieiii s«a\ olr«rsal dm mg jmriiiiii nia, 
l>o(h axis desiauon and ncgaiisiiy of 1 in I and II d>vi|>|>caicd for a sslnlc, picsninably 
in cunncaion ngtn tciimiuhr tinw I_iur on ibrre nas a i/anunx period of 

headache and dizzincM, assoaated smb a iis* m ihc IV J* Four >carx fotlowing the 
original »tud> patient rescaled nt> changes ni the clinical mcluie, B i’ »>3$ 200/105 
Fimdiu piciuic and K C» s.eie tMcntialljr the same Ihc heart sire had sci) slinhil) 
inocascd— L. J 1 0 11 lOiicin I here s*js noap(nectal>lc efton hniiiatimi 

Cantmenl Tins patient sliosscd the liciugii ajur>c of h)pcrieiision. Tlic :)pc of 
ECC ifcpitied alxise iiuhcatcS hit senfricnlai hijiertfophy and ptouiinM) stmn 
It docs not ncccssatil) iiiiiicaic adsanccil tnjocardial disease and ii cxitD^iatiblc siitb fair 
function 


has a gieatcr significance than in the presence of axis deviation. If T 
deflections become flat or negative, this docs not ncccssarilj indicate pro- 
gressive enlargement of the heart, but stgmfies the presence of ceiuin 
metabolic processes uhidi disturb ilic clectncal processes m die heart, 
although sucli abnormal states ma> welt lead to dilatation. In the pres- 
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ence of cardiac enlargement there may be noted occasionally the presence 
of bundle branch block a lowering of the amplitude to less than j, mm 
m either direction from the base line m all limb leads and changes in tlie 
T deflections These findings may be tlic sequelae of cardiac infarction 
or diffuse myocardial disease 

It may be well to point out in this connection that flat or negatne T 
deflections are noted in a number of other conditions such as myocarditis 
(rheumatism grippe diphtheria typhoid) B avitaminosis hypothyroid 
ism alcalosis and acute or chronic cardiac compression due to pericardial 
disease Extracardiac neurogenic mnuciices play a role and need furtlier 
study Gallbladder disease has been held responsible Posture occa 
sionally plays a role and a flat or negame T deflection particularly m 
Leads II and III may increase m voltage or even turn positive when the 
tracing is taken with the patient m the recumbent instead of m the 
sitting position 

The influence of dioUihs on the FCG (see Chapter WWI) should 
be mentioned here since tins drug is so commonly used in connection with 
cai diac enlargement Its effect on tJic S T segment consists in a depression 
in the limb and chest leads usually most marked m Lead II and m a 
flattening out or inversion of the T deflections ^Yhcre there is left axis 
deintion honeier the aforemeniioned segment tends to be elevated in 
Lead III No very close relation exists between die degree of these 
changes and the amount of die drug given It may easily take two to 
three weeks and in occasional cases up to six weeks following dtsconlinua 
hon of the drug for such changes to disappear comfletely If an EGG 
study IS planned it is impoiiant therefore to widihold digitalis medica 
tion jirovided the condition of the patient will permit it 

Cardiac enlargement may have to be ditfeienuated from pericarditis 
In die latter condition particularly of septic etiology diere may be an 
upward shift of die ST segment in all hrab leads (see Dr IVilsons 
chapter) 

Radiology Fluoroscopy is the method of clioice A good dark 
adaptation of die retina is a prerequisite Tlie oblique views must be 
studied in addition to die anterior view The screen image as obtained 
by fluoroscopy represents of course a considerable magnification of the 
object sue This is overcome by taking an ordiodiagraphic tracing The 
film image as obtained by a teleoroemgenogram at a distance of six feet 
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shous a magnificalion of nearly ten per ceiiL The absolute heart size is 
best dctcimincd by a coinputaiion fonuula: 

Using the inciiic system, a ptodiict is formed fioin the oblique and 
broad diameter (antenor view) and oblique depth diameter (lateral 
view) and this is multiplied by o J5. The value thus obtained expresses 
approximately die heart volume in cubic centimeters. The medium 
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value for healtliy males is 569 2 and for the healthy female 4Q2.G, witli a 
standard deviation of 85.4 and 6j.i, lespectuely. A simple and practical 
procedure is to rotate the sheet on which the orthodiagraphic silhouette 
IS drawn by approximately 180® so that the base of die heart is pointing 
down, and place the patient’s clenched light fist over die silhouette 
These outlines will nearly coincide under normal conditions It should 
be realized that the correlation coeflicient between the size of the 


7^ ^ 


Ficuhe G OriliodiaCTani<i ot a iiornul heart nr drami in the anterior and left lateral 
aieiss (reduced to onclounh actual size). The three main diameters are indicaicd b) 
solid lines Anterior view The oblique diameter — L — connects the cardiovascular jimc 
lion at the riglu vulli die tartUennose point at the left lower pole Tlie broad diameter 
— D — represents the sum of the lengths of two perpendiculars dropped to the line of the 
oblique diameter. Lateral view The depth diameter — To br — is die sum of lengths 
of two perpendiculars dropped to a line which connects the region of the bifurcation of 
the trachea viith the sternodiaphragmaiic angle As average figures for a male L. 13 g 
cm; D 10 cm. To br — 9 3 cm hive been diovni The volumetric cirdiac value h 
obtained by rorming a product of these three figures tunes a conslant 0 45 (fonnuJa of 
ncncdetti and Bollini) , The value tlius obiamra approaciics the actual volume of die 
heart (as expressed in cubic ccniimctcrs) In this instance it is 5C9 This formula has 
been dieckcd by actual volumetric rcconsttuciion and submersion of the model in water 
The error for nomirl hearts ms »hoiiii to Ixrthccti — 8 jrcr cent ami -{-8 {ler cent and for 
diseased hcaits between —10 per tent and -\-tj per ctiii (Cytlopttlia of Medicine, T \ 
Davis Co ) . 

Silhouette and external measuieinents (weight, transverse diameter of 
the chest, etc ) is too low to have great statistical significance. 

In the anterior view an enlaigemeiit to the left and caudad,* associ- 
ated with a well preserved or lowered waistline of the left middle contour 
indicates left ventricular enlargemeut Care should be taken not to 
include in delineation and measurement the triangular shadow which 
is caused by the exirapericardial, subplcural fat pad- The waistline will, 
liowevcr, be straightened out if a secondary right ventricular enlarge- 


* t he Icrm c-iud u{ i$ fur duwnntrd iKlove, 
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I'ICUR^ 7 Mak igwl 2.) 01<i ihuimjiic Iicnrt toili ncrtie ttuti «i« iixl ui^iirgiutiuii 

<]ticstional)le mural ugiirgUaiioii maiUil tlcgnc of cardiac cniaigcmcnt to left and sinu* 
rhuhm 'loflcraic degree of ftimtional impairment Rocnigcnognim rercils a fairly 
ueli marked jurtic cunrigiirncioi) uiih promiiKiire of left vciuricular aica Lung rields 
are of nonml dpi>cirim.c Cakilitiiiou of loriic \altci could Ijc demonstrated by means 
of special icdinic (Cyclopedin of ^fcdlclllc F \ DumsCo) 
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place over shorter periods of time* and it is important to obtain exact 
infomiadon as to llie rate of progression. An increase, especially if rapid, 
gives a poor prognostic outlook. This holds particularly true in m) 0 - 
carditis or diphtheria. 

CIRCULATORY FAILURE 

^Vhen cardiac enlargement is diagnosed, circulatory failure may not 
be present, but it will result eventually. Hence, a short discussion of this 
finding is justified. Those forms vvhidi are primarily of extracardiac 
origin will not, however, be discussed. Here belongs first the clinical 
picture of inflow stasis (engorgement of die systemic veins and, less 
common, of the pulmonary circuit) , which results from inadequate work 
of the heart due to inadequate filling, as noted in instances of pericardial 
effusion, clxronic constrictive pericardial disease, or with extremely high 
heart rate; and second, the primary' peripheral failuie, i. e., shock. 

The commonest types of cardiac insufficiency are associated wiUi 
inadequate emptying of the heart. The whole heart may be affected or 
strain may have acted predominantly on the left or right side, resulting 
in syndromes, which aie spoken of as left- or right-sided heart failure. 
Before enumerating some symptoms and signs of heart fixilure, it must 
be kept in mind that one of the most important measures for a lowered 
circulatory efficiency is the subjective perception of the patient. Taking 
a careful history, with particular reference to effort liniitation, is, there’ 
foie, of paramount importance. 

1. Dyspnea: History may elicit the fact Uiat dyspnea occurs on 
physical exertion; hence it is also called exertional dyspnea. In far 
advanced cases dyspnea may be present at resL The main pathogenic 
factor is impairment of the veiuifation of the lungs due to pulmonary 
engorgement. This is best notetl by tlic radiologic examination and is 
compatible wiUi both absence of rales and of cyanosis. The commonest 
causative factors are mitral stenosis, hypertensive and arteriosclerotic 
lieart disease, hence affections of Uie left heart (left-sided failure). 
Hydroiliorax, enlargement of the liver, and ascites, wltidi are sequelae to 
right-sided failure, may aggravate tlie degree of dyspnea. But it is also 
noted tliat the onset of right ventricular failure subsequent to preceding 
left-sided failure leads to an amelioration because of the relief from 
pulmonary' engorgement. 
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nieni icis in. .\n cnlargetneiit lo the left and craniad* leadi n g to a promi* 
ncnce of the contour should be altiibuied to right sentricular (conus) 
enlargement, pulmonary artery dilatation often being associated. Left 
atrial enlargement plays a role only \eryr occasionally. An enlargement 
to the right should be attributed, as j rule, to tlie right atrium, and only 
c'cccptionally to die right sentricle. Occasionally an aneurysmal disten- 
tion of the left atrium accounts for it. In the right anterior oblique view, 
a convex bulge in front should be attributed to the right ventricle, and in 
this viev/ the conus enlargement is particularly well noted. Dorsally, die 
mediastinum may be encroached upon by die left atrium and visualiza- 
tion of d;e barium-fiUed esophagus gives valuable information. In the 
left antciioT obUque view, the right ventricle U seen to expand venttad, 
the left ventricle dorsad and caudad, the left atrium dorsad and craniad. 
In the latter case, the left bronchus is displaced and sometimes consid- 
erably narrowed. 

An understanding of the underlying pathology is enhanced by study- 
ing the size and shajic of tiic aorta and of the pulmonary artery and iu 
branches. Tlic degree of pulmonary congestion can be estimated and is 
amenable lo diagnosis long before (he appearance of rales. Displacement 
of the lieart may clinically be mistaken for enlargement, and the 
radiological method reveals almost at one glance tlic presence and degree 
of causative factors such as pleural cltusion. pneumothorax, fibrotic 
shrinking or collapse of tlic lung, abnormal position of tlic diaphragm, 
or dvest deformity, .\ugmctucd bean action is another cause for over- 
estimation of heart size by clinical means. Finally, radiology may assist 
in differentiating cardiac enlargement and pericardial effusion. 

FUNCTIONAI- EVALUATION AND PROGNOSIS 

IVIiilc the physiologist considers enlargement of tiie heart muscle 
as a means of .idapution, the cUnidan is inclmed to correlate these find- 
ings v\ith jxitcniial or actual myocardial insufficiency. In Ute presence of 
coronary artery disease, cardiac enlargement is a mucii less valuable guide 
than in valvular lesions. Anginal failure is compatible witli a normal 
heart size. Patients uiih coronary anery disease who develop cardiac 
infarction often reveal no clunge in heart size on follow'-up studies. If 
this is the course of the disease, it will be found iliat a fairly active life is 

* Tlie iciia (iJiiKjii (t ixti t)|i»4>({ atme: 
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carried on much more commonly as compared ivith those ^vho either had 
cardiac enlargement to begin with or develop cardiac enlargement sub 
sequent to the attack 

Congesu\e failuie rarely occurs in the presence of normal sized 
hearts In this connection it should be remembered that in chronic con 
stnctive pericardial disease the heart is prevented from increasing in size, 
while failure of the circulation deselops sooner or later 

Patients with cardiac enlargement show, as a rule, a diminished 
capaaty for work The term enlargement in this connection refers 
mainly to the ventricular mass Considerable enlargement of the heart 
is likely to be followed by more or less rapid onset of failure Auricular 
fibrillation sets in more frequentl>, and the same holds true of the occur 
rence of thrombosis along the atnal will or m the coronary arteries 

The general remark holds true tliai Uie larger the heart the worse 
the exercise tolerance experience with individual cases, however shows 
exceptions This fields true particularly for the younger age group who 
have healed rheumatic valvular lesions It may also be stated that Uiere 
IS no strict proportionahty between the degree of enlargement and the 
signs and symptoms of heart failure Heart size is not more than a fair 
prognostic criterion and die clinician never should omit obtaining a 
correct idea as to the general physical tolerance of a patient Furtlier 
more, the etiology and special anatomical features of a diseise process are 
important items in the prognostic evaluation and should always be taken 
into consideration It is known that sudden deadi often occurs in die 
presence of coronary ostium stenosis due to syphilis with or without 
associated aortic regurgitation, or in die presence of a high degree of 
aortic stenosis, and in both instances this occurs regardless of heart size 
The correlation of cardiac enlaigeraent and mortality quota seems to be 
closest for patients with rheumatic valvular lesions In one such very 
careful study on 1164. cases it was found that the mortality quota for all 
valvular lesions together for three groups of heart sizes, as determined by 
orthodiagraphy, was as follows The ratio of actual to expected deaths 
for approximately normal sized hearts was 420 per cent, for moderately 
enlarged hearts 589 per cent, and for gready enhrged hearts 1092 
per cent 

It has been formerly stated diat cardiac enlargement may be stabilized 
over a period of years In other instances, however, progression takes 
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place over sliortcr periods of lime, and it is iniporiant lo obtain exact 
information as to the rate of piogrcssion. An increase, especially if rapid, 
gives a poor prognostic outlook. This holds particularly true in m)o* 
carditis or diphtheria. 

CIRCULATORY FAILURE 

IVheii cardiac enlargement is diagnosed, circulatory failure may not 
be present, but it will result eventually. Hence, a short discussion of this 
finding is justified. Those forms winch are pnmaiily of cMracardiac 
origin will not, however, be discussed. Here belongs fust the clinical 
picture of infiow stasis (engorgement of the S)Stcinic veins and, less 
common, of the pulmonary arcuit) , which results from inadequate work 
of the heart due to inadequate ftlling, as noted in instances of pericardial 
effusion, clvronic constrictive pericardial disease, or with extremely high 
licart rate, and second, the primary periphcial failuic, t. c., shock. 

The commonest types of caidtac insufficiency arc associated with 
inadequate emptying of tlic licart. The whole heart may be affected oi 
strain may liave acted predominantly on the left or right side, resulting 
in syndromes, wiiich are spoken of as left* or rightsided heart failure. 
Ilcforc enumerating some symptoms and signs of lic.irt failure, it must 
be kejit in mind that one of the most iinportatn measures for a lowcied 
circulatory efficiency is the subjective perception of the p.itient. Taking 
a careful history, with {jarticular teference to effort limtlalion, is, there- 
fore, of paramount importance. 

1. Dyspnea: History may elicit the fact that dyspnea occurs on 
physical exertion, hence it is also called exertional dyspnea. In far 
advanced cases dyspnea m.ay be present at rest. Tlic mam pathogenic 
factor is impairment of the vciuilalion of the lungs due to pulmonary 
engorgement. This is best noted by the radiologic examination and is 
compauble with both absence of rales and of cyanosis. The commonest 
c.uisativc factors arc mitral stenosis, hypertensive and arteriosclerotic 
heart dise.ase, hence afTcciions of ihc left lieart (left sided failure). 
Hydrothorax, enlargement of the liver, and ascites, which are sequelae to 
right-sided failure, may aggravate die degree of dyspnea. But it is also 
noted that the onset of right vcnciictilar failure subsequent to preceding 
left-sided failure leads to an amcliomtion because of the relief from 
pulmonary engorgement. 
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Cardiac astUvia may or may not be associated tvith dyspnea of effort, 
occurs particularly in the combination of the recumbent position and 
sleep, and is a symptom of left \eniricular failure. It may be indis- 
tinguishable from bronchial astlima; hence, the im|X)riance of a good 
history'. 

Cheytie-Slokes reslnralion is also closely connected with left %eniricu- 
lar failure due to hypcrtcnsi\e, coronary, and aortic disease, but increased 
intracranial pressuie and tlic effect of morphine, especially in arterio- 
sclerotic individuals, must be rcmcinbctcd. This type of breathing is 
often overlooked; it may not occur until the evening liouis and is an 
important cause for sleeplessness. The treatment consists in the slow 
intravenous injections of 0.25 to 080 Gm. (4 to 12 grains) of 
llieof)hylline clh'^lenediaintnc. 

2. Cardiac Pain: Tliis symptom shows many varieties, and mention 
may be made here Uiat it is {xirUcularly apt 10 accompany occlusive 
coronary artery disease (arteriosclerosis, thrombosis, syphilis), aoitic 
valvular disease, and parosysmal attacks of rapid heart action. Cardiac 
pain bcais no close relation to cardiac failure or cardiac enlargement 
Right-sided failure may be associated with a diminution or disappearance 
of anginal p.iin previously present. The same may be observed some 
time subsequent to canliac infarction; in such cases the one diseased 
niterial branch had been the only source for the anginal pain. 

3. Heart Sounds: A lowered intensity of die first apical sound is 
often and not always coirecUy intcrpictctl as evidence for heart muscle 
dysfunction. Leaving aside the possible influence of obesity or emphy- 
sema, it must be remembered dial a relatively longer, though still nonnal, 
atrioventricular conduction time (for instance 0.20 second) tends to be 
associated with a first sound of lesser intensity. A similar and more 
maiked effect is caused by mitral insufficiency, and also by aortic stenosis 
on the second aortic sound. Cardiac infaictiun, recent 01 old, lends to 
lower the intensity of die heart soumls. Besides mitral disease, an 
accentuation of the second pulinoiiic sound is noted with left-sided fail- 
me, whatever the etiology may be. Gallop rhythm is characterized by 
tlie appearance of a third lieait sound, diastolic in time and usually dull 
in character. It is best perceived by auscultation, inspection and palpa- 
tion as well. Gallop rhythm is likely to disappear with a slowing of tiie 
lieart rale, and it is not heard in the presence of auricular fibrillation, 
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although graphic registration seems to indicate it may exist wiUi the latter 
condition Mitral lesions tend to obscure it Gallop rhythm indicates, as 
a rule, failure of the left ventricle only, unless it accompanies acute 
myocarditis or pulmonary embolism The presence of gallop rhytlim 
entails as a rule a bad prognosis, but this docs not necessarily hold true 
if It IS obsened m the presence of acute myocarditis uheie it indicates a 
toxic damage of the heart muscle which may be reversible 

4 Blood Pressure The effects of heart failure have a variable 
influence Cardiac infarction is commonly followed by a fall while a 
nse sometimes to a very marked degree, may be noted during an attack 
of angina pectoris or pulmonary edema A moderate nse with each bout 
of failure is noted in occasional patients It should be noted paren 
thetically that high blood pressure does not contraindicate the use of 
digitalis 

During the ineasureiuciu of the blood piessuie alternation may be 
observed as a succession of strong and weak beats The loud sounds come 
tlirough corresponding to only half the heart beats This finding should 
not be confused with an extrasystolic bigeminus An alternating pulse 
IS not uncommonly encountered m patients witli arterial hypertension 
Its presence particularly when continuous in nature indicates a poor 
prognosis 

5 Cyanosis It is closely coirelated with an increase m the amount 
of reduced hemoglobin anemia therefore, tends to counteract the appear 
ance of cyanosis It may be present in certain congenital cardiovascular 
malformations witliout indicating failure In acquired lesions cyanosis 
will be noted particulaily in the presence of mitral stenosis tricuspid 
stenosis and with light sided failure m general It is very marked if due 
to extensive obliterative vascular disease in the lesser circulation 
Cyanosis may occur of course without any cardiac disease pulmonary 
hypoventilation or certain chemical pouomngs may serve as examples 

6 Pulmonary Engorgement Left sided failure or obstruction leads 
to engorgement of tlie venous half of the pulmonary circuit, and later 
this IS followed by overfilling of Uie entire lung field Hypertension and 
organic defects of the left sided valve orifices may serve as examples The 
output of the left and right hearts are equal for some time and circulation 
takes place at a higher pressure level The outstanding symptom is 
dyspnea both of the exertional and paroxysmal variety Cyanosis cough. 
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hemopt)sis and fine basal rales may or may not be present Signs for 
pulmonary engorgement are First the roentgenogram reveals the tnns 
parenc) o£ the lung fields diminished v»iili occasional cloudy opacities 
all visculai shadows aic increased in density and uidtJi but are relatively 
hazily outlined This holds particularly true for die lulus structures 
Second an accentuation of a previously normal second pulmonic sound 
Third t decreasG in the velocity of blood flow tiirotigh the pulniomry 
circuit this can be determined by measuring die rrm to tongue and arm 
to lung circulation time 

7 Venous Engorgement Right sided failure or obstruction leads 
to engorgement of die systemic veins An increase of the venous pressure 
to over ij cm of v\ater indicates then advanced insufficiency of the 
right side of the heart provided diat pericardial and mediastinal paihol 
ogy have been excluded Such insufficiency of die right heart may be 
primary in nature such as obseraed with emphysema pncumonoconiosis 
obliterative disease of die pulmonary arteries pulmonary embolism and 
organic defects of the nglit sided valve orifices Much more commonly 
however it follovNS failure or valvular lesions of the left side Signs for 
venous engorgement arc cyanosis engorgement of superficial veins and 
increase m venous piessurc sv^cllmg of the liver subcutaneous edema 
and ascites 

The normal venous pulse both of liver and neck veins is a volume 
pulse and indicates dynamic events in the right atrium As one observes 
the movements along the neck veins in a htalihy person in die recumbent 
position one easily notices a collapse winch is ventricular systolic in time 
This collapse is due to die rapid inflow of blood into the previously 
Ti^hl Dirw}}} The csnnhii moMimni vi ihi 
septum and the sudden drop of die iniiathoracic pressure due to outflow 
of blood from the chest cavity favor this collapse The veins then fill 
gradually Tins ascent is bioken by awollicr collapse wJiicli occurs durin„ 
the early p u t of v enlncular diastole This collapse is due to the empty mg 
of blood from the right atrium thioiigh the opened tricuspid valves and 
wlidc it always is rcgistcrcil on die graph ii may not be notieeihle on 
gross inspection The progressive distention of the vein is then suddenly 
increased This indicates atrial systole which has nucrrupied the inflow 
of venous blood into tlie right atrial cavity fhe normal latiouj (nilsc in 
the neck is therefore chaiacten ed by a systolic emptying diid diastolic 
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filling. PtopeT timing should be carried out by palpating the radial pulse 
ivhile inspecting these pulsations. 

With cardiac failure and mild congestion tlie veins reveal an increase 
tn both fullness and pulsations. As congestion increases, the normall) 
visible pulsations in the lower part of the neck, disappear, while they 
become noticeable in its upper part; and pressure against the abdomen 
causes the level of pulsations to climb crantad. ^Vltll maximal stasis, no 
movement may be noted in ilie very full veins, and pulsations may be 
only brought out as tlie patient gradually sits up or during deep inspira- 
tion. A closer observ'ation of tliese pulsations reveals tliat the normall} 
observed s)slolic collapse is lacking completely. That means that tlie 
ascent of the venous pulse, starting in early diastole, lasts throughout the 
systole Hence, one speaks of the systolic or ventricular form of tlie 
venous pulse. Obviously, the enhancing effect of ventricular contraction 
on die venous blood flow is diminished; and the overdistended and often 
fibrillating right atrium 1$ emptied inadequately. A collapse from the 
high plateau occurs at the time of the opening of the tricuspid valves, 
which is during the early part of ventricular diastole. Hence, this pulse is 
characterized by a diastolic emptying. In the presence of tricuspid re- 
gurgitation there is likewise noted a diastolic collapse and a systolic 
elevation. But tlie latter is more impressive, abrupt, and, in contrast to the 
congestion pulse, well palpable. 

A congested and large liver is likely to reveal pulsations of the ventnc 
ular type, particularly so in the presence of auricular fibrillation. The 
ascent of the pulse wave is not so distinctly felt, but rather the subsequent 
diminution in volume, i.c., the diastolic emptying of the liver. This is 
also, and quite markedly, noted iii the presence of adhesive pericardial 
disease. Tliis is ol diagnostic significance, because die condition, wliich 
IS most likely to imitate adhesive pericardial disease, is tricuspid regurgita 
tion. Here a liver pulse of the ventricular type is likewise found, hut the 
outstanding feature is a sudden and forceful systolic thrust; while wiili 
ordinary congestion and adhesive pericardial disease the systolic filling 
of the liver takes place gradually. In the presence of sinus rhythm, and 
providing the right atnuin is siill capable of contracting forcefully, with 
the riglit heart overfilled or because of an associated tricuspid stenosis, 
an obsucle is offered to right atnal emptying. The blood is then backed 
up into the venae cavac during the presystolic period and a prcsystolic 
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legurgiiation wave results. This is called tlie presysiolic auricular liver 
pulse, f. e., it is diastolic in time and its elevation distinctly follows the 
elevation palpated at tlie radial artery. In die piesence of mitral stenosis 
such a presysiolic liver pulse is highly suggestive of an associated tricuspid 
stenosis, though it may well occur in the presence of marked congestion 
with sinus rhydim preserved. Often the liver pulse reveals in addition 
to the presysiolic regurgitation wave a systolic elevation An associated 
tricuspid insufficiency or marked overfilling of the right atrium, such as 
noted in tricuspid stenosis or with the interatrial septal defect, may be 
responsible for it. 



FiCLKE 10 Male, aged 11 This obese paiiem had developed signs and s)'mptoms of 
left ventricular failure with coronary artery disease and a mild hypertension as presiim 
able etioloip'. A considerable degree of ordiac enlargement existed Dunns the course 
of one Mcek die paueni had been given an unknown amount of digitalis ^le electro 
cardiogram (Lead II) reveals sinus rhythm which is mterrupied by premature venincu 
lar beats of multifocal ongin and in bigcromus arrangement (1, 3) and a short run of 
ventricular tachyardia (2) These findings disappeared prompdy upon disconunuance 
of digitalis and prevcribing quinidtiie sulfate. Oi Cm (3 grains), stryclimne sulfate 
1 G mg giaui) , c I d Bigeminal premature beats reappeared on digitalis mcdica 
(ion but were not noted when alt three drugs were given togcUitr (Cyclopedia of Mcdi 
one, r A Davis Co) 

TREATMENT 

Reversibility of Cardiac Enlargement: A discussion of treatment 
in this chapter will necessarily be very limited. Cardiac enlargement, as 
previously stated, signifies potential or actual insulficiency of the myo 
caidiuni, and patients vvidi a considerable degree of enlargement rarelv 
evei possess good exercise tolerance. It is the duty of the physician, 
therefore, to icgulaie the life of the fMtteiit so that he will remain within 
the limits of his reserve, in order to avoid heart failure as long as possilyle 
Such a limitation of activity may range fioin complete bed rest, as in die 
case of acute myocarditis, glomerulonephritis, or congestive failure, lo a 
program of neaily normal activity, avoiding athletic activity and execs 
sively long working houis, as in the case of a fully compensaiccl rheumatic 
valvular lesion or benign essential Iiyjjcricnsion. Overweight should be 
reduced and excessive fluid intake avoided, because these are an unneccs 
sary additional strain for the ciiculation. Digitalis is first indicated when 
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tile limitation of resene becomes evident, together with simultaneous 
curtailment of physical activity, and, second, when auricular fibrillation 
supervenes, particularly in the rheumatic and sclerotic group 

In the great majority of instances enlaigement of the beau is a chronic 
incurable condition, particularly in reference to the large group of hyper- 
tensive, valvular, sclerotic, or syphilitic etiology. 

In a relatively few instances it is possible to remove the cause of 
cardiac enlargement so iliat regression of heart size will occur, provided 
that not too long a period of time has elapsed and tliat no other compli- 
cating factors interfere. As examples may be cited: (fl) Prolonged attack 
of paioxysmal auricular tachycardia (unilateral carotid sinus and bilateral 
bulbus pressure; induced gagging and vomiting; magnesium sulfate, 
15 cc. of a 20 percent solution, intravenously; quinidine sulfate, 0.4 to o 6 
Gm. (6 to g grains) orally, every four hours; inecholyl, 20 to 35 mg., 
subcutaneously, atropine sulfate is die antidote; digitalis, at least 3 cat 
units, intravenously , rectally or orally, to be repeated within a few hours) ; 
paroxysmal ventricular tachycardia (magnesium sulfate, quinidine 
sulfate, as above; but never digitalis); (1>) thyrotoxicosis (subtotal 
removal of the gland) ; (c) myxedema (thyroid medtcalton; resorption 
of pericardial fluid may also play a rule in the reduction of “heart size ") ! 
(d) Bavvvanvvnosvs (purified Bi-vtt<itiun intravenously and orally and 
proper diet) ; (e) anemia of the pernicious or intestinal parasitic type 
(hi/er, intramuscularly) ; (/) arteriovenous fistula (operative closure) . 

In odicr instances, a considerable diminution m the heart size vvill be 
nouced, provided the natural course of the disease is favorable, though 
treatment may occasionally be helpful. To cite: (a) Acute glomerulo- 
uephntis widi hypertension (liere resorption of pericardial fluid may be 
a coTunbuling clement in the regression of “heart silt”): (l>) irryocardnis 
of rheumatic fever, diphtheria, grippe, typhoid fever; (c) replacement of 
a previously slow heart rate (nodal rhydtm, complete heart block) by a 
faster, normal heart rate; (d) pulmonary embolism (said to affect the 
right heart only) . 

In tlie hypertensiv e and hypertensive arteriosclerotic patient with evi- 
dence of left ventricular failure, one occasionally observes regression of 
heart size, as proven convincingly by proper radiologic study. are 
not referring to patients in congestive failure, for here it is very difficult, 
if not impossible, to evaluate changes in heart size. Such patients should 
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FiCim£ 11 Male, 
aged 51 History 
T)phoid fever in 
past Heavy dnnVcr 
and smoker Mild 
exertion and noc 
tumal dj^nea of 
very recent origin 
The findings ivere, 
W. 93iJ Kg (203 
pounds) sthenic 
habitus Trace of 
cyanosis no venous 
engorgement no 
edema liver not en 
larged Cheyne 
Stokes respiration 
and a fciv pulmo- 
nary r^les present 
[lean enlarged, at 
times gallop my ihm, 
other urats embry 
onie rhythm very 
short systolic aortic 
mumiir X^noiun 
duly accentuated 
S r itzricd horn 
I20/t^ to 160/110 
rate 00 One liun 
dred mg per cent 
albumin m urine 
Uassermann post 
me Fundi Cen 
eralized attenuation 
of retinal arterioles 
sriili accentuation of 
re[le\ stripe no 
sclerosis EGG N s. 
r.PROUscc left 
axis deviation R to 
T segment in Leads 
I II andIVshglulv 
depressed T in 
Leads I and II in 



verted in IV positive (chest lead taken old uay) Fluoroscopy and orthodiagrams Jnt new 
(solid line) Aortic oanfiguration niiJi modente enlargement of left iflitnoilar area — L. la Jem 
Aorta of adequate size. Lung ficlils reveal lesser degree of congestion no fluid at bases Rt ant 
obi viciv (no tracing) l.e(t atrium slighlly enlarged Treatment consisted of bed rest for one 
(seek limitation of fluid intake to -10 ounces ftcr dav Tlieopliylline cthyleiiediaoiiite intraicnousli 
and digitalis Follow up three weeks later Much impioved — 'W 89.2 Kg (194 pounds) Lungs 
clear Heart sounds normal B P repeatedly 12a /70 rate 84 A«f view (broken line) Position 
of diaphragm reveals little diangc \\idih of lower chest slightly dimiiusbcd silhouette stualler — 
L 13.8cnL Lung fields dear R( ant ob) view (noiraang) Left atrium not apprcaably enlarged 
Follow up Tlie patient cooperated but liitJe He gained in weight and there were transient 
penods of moderate hypertension TwooiihcxLagninis uken seven and nine months later revealed 
exactly tile same heart size as shown in the first sUid> Cardiac failure did not recur Two years 
later ilic man an executive was known not to have had any medical treatment He was active and 
about but was dyspneic and ihe tamdy docior repotted the presence of basal riles A few months 
later a scvtac attack of left ventricular failure set in from which the patient recovered, but slowly 


Comment An instance of hypertensive cardiovascular disease perliaps assoaaied with syphilitic 
aortitis With episodes of left ventricular failure There was no pleural effusion no congemc failure 
in ihc greater arculation, no appreaable change in the position of die diaphragm Tlic variations 
in heart size noted were actual wanges and were not tlu>se apparent changes sometimes caused by 
pericardial dfusion or clianges m position 
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l)e gi\en a trial with thioc)anaie treatment, m addmon to die medica 
non nnd regime, as outlined abote One may start out with a daily dose 
of 0 5 Cm (71/4 grams) of the sodium or potassium salt of sulfoqanate, 
4 cc (i dram) of a mLXture containing 5 Gm (114 drams) of the salt in 
120 cc (4 fluid ounces) of aromatic elixir arc giien 1. 1 d until die 
c>anate level in the blood has reached 8 to 12 mg per cent The dosage 
IS then reduced and regulated in such a uay as to maintain this blood 


ticLM. 12 Male 22. Theliitiotr rctcalcU no tliicasc ckcc[>t ti n«.iUiiis ox moiubi 
3^ tulUiucil b) (ORullcc( 0 tn> 'tins hcitihs xihUie lud eii.ht \ean ot (ooitull buctutt 
and hoctov He feit Tine of a siout athletic build hi» hoght Mas 167^ cm and his 
t cigtiMiv S7J (lJ2j>oumts) the chest arcumfoente M-as 99 an Tlic apim) tluuu 
Mas just (ulpal Ic 103 an. to the left of the midlmc Uicrc vtas a short apical systolic 
niuniiiir present uhicb uas not irammiiied and there i o basal accentuation The 
heart rate Mas "2 per minute and the B P IW/82. Tho traangs arc shoun The solid 
line Mas obtained during the training |>enod and the dotted line after athlenc actisity 
had been discontinued for a period of four weeks the tno orthcdiagrams refer to a time 
inicrsal of four Mccks. The loKouing woe the respcctise ontiodiagiaphic measurements 
Uidth of diet 23 6 and 23.9 cm oUKyue diameter Io7 and 11 1 on broad diameter 
10 4 and 97 on. 

Comment This case showed the regrcbion of heart s re following cessation of a 
scsere training period U is sci> probable that the greater heart sue was due to a 
strcichin^ of inusde fibers rather than due to a thickening of the myocardium (Rocsler 
Am J Roentgenol) 

level It IS defimtely objectionable to use tluoc>auates without having 
ivailable such blood level determinauons 

It may be noted that in healthy athletes a moderate increase of tlie 
heart size may be observed during the penod of severe training TIus 
takes about four to six weeks and recedes at about the same rate follow 
ing cessation of training Whether the process underlying the increase in 
heart size is only due to a stretching of tlie muscle fibers, or whether there 
IS also a thickening, is not known 
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Finally it may be asked how often and how much die heart recedes 
in size witli reco\ery from congestive failure The chinge m the height 
of die diaphragm resulting from a diminution m die total bulk of the 
abdominal contents causes a diange in the shape and position of the 
heart and diis is a real obstacle m an evaluation on decrease m size bodi 
from a radiological and clinical point of view In addition resorption of 
pericardial fluid may introduce an element of error 

CONCLUDING REMARKS 

In closing this chapter it seems appropriate to stress a few points 
1 heie exists a growing tendenc) to shorten or replace careful clinical 
examination b> die use of technical procedures and tests This should be 
discouraged The taking of a good liisior) and die meticulous inspection 
and palpation of a patient are indispensable While radiology in man> 
respects is superior to percussion it has not replaced it completely in 
uldttion It IS not always available It is an unhappy and almost daily 
experience to see erroneous electrocardiographic inicrprctations sudi as 
Anterior cardiac infarction instead of left ventricular enlargement and 
strain often due to hypertension myocarditis instead of tracing com 
monly noted in the presence of postural ciiculaiory deficiency myo 
cardial disease instead of effect of digitalis medication etc Both radio 
logic and electrocardiogiaphic data require expert inlerpielation and 
should be alii i)S canela/ed xvtih the clinical findings 

ith the diagnosis of caidiac enlargement once established one 
should furtlier investigate fust wlial arc the etiological factors second 
V liicli heart chambers arc affected and third what is the functional 
cipiat} ol the mjocardiwn 

The diagnosis of early heirt faihiie {lariiculaily of the common left 
heart faiinre is still nut made often enough while acute cardiac dthta 
non being a very rare coiidmon is still diagnosed too often 

To make a diagnosis of cirdiac enlargement involves quite a rcsponsi 
!>ilily Vn erroneous diagnosis may unjiisufiably withhold normal and 
litahby ictiviiy from a youngster may deprive a man and Ins family the 
benefit of a life insurance policy and may become for the patient most 
unnecessarily a source of anxiety and implant in him or her the seed 
of infcnoruy feelings But even if the diagnosis of cardiac enlargement 
IS established beyond doubt it will be wise as a rule not to use tins term 
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ni conversing uith the patient For what is a truth to the physician may 
be 1 nightmare to the patient 
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CHAPTER XIX 


CHRONIC VALVULAR HEART DISEASE 

Ry Joseph B. Vander Veer, M.D. 

Introduction; The present-day approadi to the study of heart disease 
has had a beneficial eiEect on all phases of the subject. Tlie stressing of 
etiology has made diagnosis more accurate, prognosis more certain, and 
treatment more satisfactory. The tendency to consider especially the 
condition of the m)ocardium and the ro)ocardial rcser\c has led to some 
disregard for chronic NaUmlar disease. It is true tliat the v'ahc lesion ma) 
be rc]ati\cly unimportant in many instances, and tliat too much emphasis 
has often been placed on this subject in the past. Hos^cser, cltronlc 
valvular disease still lias an important place in the study of heart disease. 
Valvular defects are frequently contributing factors to cardiac failure and 
being common structural abnormalities, they must !>c considered in the 
differential diagnosis of heart conditions. A thorough knoivledgc of the 
signs uf valvular defects is essential to good physical diagnosis. The t)pc 
of \al\e lesion present may throve inucli light on the etiology of the 
cardiac disease and thus be of im|)ortancc in the prognosis and treatment 
of a given patient. Murmurs from cardiac dilatation and noncardiac 
causes must be considered in the difTcrcntial diagnosis of organic lesions 
of the valves. 

Chronic valvular disease results mainly from four ciuses: Congenital 
abnormalities; "rheumatic” infections, s)phili5, and atherosclerosis. 
Rarely it may follow acme or subacute infectious endocarditis. The con- 
dition is seen from birth to old age and about equally in the two sexes, 
when all .ages arc included. The highest incidence is seen in tlic cohler 
climates where "rheumatic” infections are more frequent. The mitral 
valve is involved in over onc-half of the cases. The aortic valve is next 
in frcquenc)'. Tricuspid disease is less common and involvement of the 
pulmonic valve is rare, l>eing largely confincti to congenital abnormaltiics. 

(Sr.2) 
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The most frequent combination of valve lesions is mitral and aortic, with 
miiial and tricuspid disease being occasionally seen together Iniolve 
ment of more than two valves is rare and the diagnosis is frequently a 
matter of conjecture 

The ability to recogmze the ongin of murmurs is one of the most 
important factors in the diagnosis of chronic valvular disease Physicians 
luth broad clinical experience have little difficulty witli tins matter in 
most instances, as the quality, location, and time of the murmur make its 
origin obvious Occasionallj, however, other signs are necessary E\i 
dence of enlargement of the right or left ventricle absence or accentua 
tion of heart sounds, and changes in the pulse and blood pressure may 
give valuable information as to tJie lesion present ^Vith rapid or irregu 
lar heart action it may be necessary to accurately time the murmur to 
determine whedier it occurs in the systolic or diastolic period Palpaaon 
of the carotid pulse while listening to die heart is the most reliable means 
and experience wiUi this method in the more obvious cases soon gives 
one confidence Tlie xrays and electrocardiogram are of secondary 
importance m most cases, though occasional!) they may contribute 
mfoniiation which is essential for establishing a correct diagnosis In 
general, apparatus for amplifying tlie heart sounds and for recording 
heart sounds and murmurs is of little pracucal value in clinical practice 

MITRAL VALVE DISEASE 

Etiology The mitral valve is frequently involved by disease proc 
esses In cluldren and )Oung adults rheumatic infections are practically 
ahva)S the cause A history of one or more attacks of acute rheumatic 
fever is often obtained but similar valvular disease may follow chorea 
scarlet fever and tonsillitis Occasionally no obvious etiologic factor is 
evident The female sex is more often affected (See also section on 
Rheumatic Fever ) In elderly patients atherosclerotic processes may 
involve the mitral valve Syphilis does not attack the mitral valve md 
congenital disease is rarely a factor Relative insufficiency from dilatation 
of the mitral ring is of frequent occurrence m conditions which affeci 
the left ventricle (hypertension aortic insufficiency etc) 

Pathology The first change present m the rheumatic type is seen 
along the line of apposition of die valve cusps where small vegetations 
are aligned Tins is followed by thickening of the cusps and rounding 
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Tlie most frequent combination of \al\e lesions is mitral and aortic, tviih 
mitral and tricuspid disease being occasionally seen together. In\ol\c* 
ment of more than ttso valves is rare and the diagnosis is frequently a 
matter of conjecture. 

The ability to recognize the origin of murmurs is one of the most 
important factors in tlie diagnosis of clironic valvular disease. Physicians 
with broad clinical experience have little difRculty VMtIi tliis matter in 
most instances, as the quality, location, and time of the murmur make its 
origin obvious. Occasionally, however, other signs arc necessary. Evi- 
dence of enlargement of the right or left ventricle, absence or accentua- 
tion of heart sounds, and changes in the pulse and blood pressure may 
give valuable information as to the lesion present. With rapid or irregu 
lar heart action it may be necessary to accurately time the murmur to 
determine wheilier it occurs in the systolic or diastolic period. Palpation 
of the carotid pulse while listening to Uie heart is die most reliable means, 
and experience wiUi this method in the more obvious coses soon gives 
one confidence. The xrays and electrocardiogram arc of secondarv 
importance in most cases, (hough occasionally they may cotunbute 
information which is essential for establishing a correct diagnosis In 
general, api>araius for amplifying the heart sounds and for recording 
heart sounds and murmurs is of little practical value in clinical practice 

MITRAL VALVE DISEASE 

Etiologyi The mitral valve is frequently involved by disease proc 
esses. In cliildrcn and young adulis "rheumatic” infections arc practically 
always the cause. A history of one or more attacks of acute rheumatic 
fever is often obtained, but similar valvular disease may follow chorea 
scarlet fever and tonsillitis. Occasionally no obvious etiologic factor is 
evident The female se\ is more often affected. (See also section on 
Rheumatic Fever.) In elderly patients atherosclerotic processes may 
involve the mitral valve. Syphilis docs not attack the mitral valve and 
congenital dise.ase is rarely a factor. Relative insufliciency from diJawtion 
of the mitral ring is of frequent occurrence in conditions v\hidi affect 
(he left ventricle (hypertension, aortic insufficiency, etc ) , 

Pathology: The first change present in the rheumatic type is seen 
along Uic line of apposition of the valve cusps where small vegetations 
arc aligned. This is followed by thickening of tJie cusps and rounding 
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CHRONIC VALVULAR HEART DISEASE 

By Joseph B. Vander Veer, M.D. 

Introduction: The present-day approach to Uie study of heart disease 
has had a beneficial effect on all phases of the subject. The stressing of 
etiology has made diagnosis more accurate, prognosis more certain, and 
treatment more satisfactory. The tendency to consider especially the 
condition of the m}ocardium and the m)Ocardial reserve iias led to some 
disregard for chronic valvular disease. It is true tliat the vahe lesion may 
be relatively unimportant in many instances, and that too much emphasis 
has often been placed on tins subject in the ])ast. Houever, chronic 
valvular disease still lias an important place in the study of heart disease. 
Valvular defects arc frequently contributing factors to cardiac failure and 
being common structural abnorinaluics, they must be considered in the 
differential diagnosis of heart conditions. A ihoiougli knov\ledge of the 
signs of valvular defects is essential to good phjsical di.ignosis. The type 
of valve lesion present may throw much light on the etiology of the 
airdmc disease and thus be of importance in the piogiiosis and treatment 
of a given patient. Murmurs from cardiac dilatation and noncardi.vc 
causes must be considered in the differential diagnosis of organic lesions 
of the valves. 

Chronic valvular disease results mainly from four causes; Congenital 
abnormalities; "rheumatic” infections, sjphilis, and atherosclerosis. 
Rarely it may follow acute or subacute infectious cndoc.iidiiis. The con- 
dition is seen from birth to old age and about equally in the lv\o sexes, 
vUien all ages are included. Tlie highest incidence is seen in the colder 
climates where "rheumatic” infections ate more frequent. Tlie luitnil 
valve is involved in o\cr one-half of tlie cases. The aortic valve is next 
in frequency. Tricuspid disease is less common and imoUemeni of the 
pulmonic valve is rate, being largely confined to congcniial ahnornialin'cc 
(SC2) 
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The most frequent combination of \alve lesions is mitral and aortic with 
mitral and tncuspid disease being occasionally seen together ImoUe 
ment of more than tuo vahes is rare and the diagnosis is frequently i 
matter of conjecture 

The ability to recognize the origin of murmurs is one of tlie most 
important factors in the diagnosis of dironic valvular disease Physicians 
uith broad clinical experience have little difficulty with this matter in 
most instances as the quality locauon and time of the murmur make its 
origin obvious Occasionally houever other signs are necessary Evi 
deuce of enlargement of the right or left ventricle absence or accentua 
tion of heart sounds and cliatiges in die pulse and blood pressure may 
give valuable information as to the lesion present With rapid or irregu 
lar heart action it may be necessary to accurately time the miinnur to 
determine whether it occurs in the systolic or diastolic period Palpation 
of die carotid pulse while listening to die heart is die most reliable means 
and experience with dus method m the more obvious cases soon gives 
one confidence Tlie x rays and electrocardiogram are of secondary 
importance in most cases though occasionally they may contribute 
informacion winch is essential for establishing a correct diagnosis In 
genera] apparatus for amplifying die heart sounds and for recording 
heart sounds and murmurs is of little practical value m clinical practice 

MITRAL VALVE DISEASE 

Etiology The mitral valve is frequently involved by disease proc 
esses In children and young adults rheumatic infections are practically 
always the cause A history of one or more attacks of acute rheumatic 
fever is often obtained but similar valvular disease may follow chorea 
scarlet fever and tonsillitis Occasionally no obvious eiiologic factor is 
evident The female sex is more often affected (See also section on 
Rheumatic Fever) In elderly patients atherosclerotic processes may 
involve the mitral valve Syphilis does not attack die mural valve and 
congenital disease is rarely a factor Relative insufficiency from dilatation 
of the mitral ring is of frequent occurrence in conditions v%hich affeci 
the left ventricle (hypertension aortic insufficiency etc) 

Pathology The first change present in the rheumatic type is seen 
along die line of apposition of the valve cusps where small vegetations 
are aligned Tins is followed by thickening of the cusps and rounding 
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o£ tile clot breaking of£ from the auricular thrombus pass to the left 
ventricle and become the emboht which may lodge in any part of the 
systemic circulation Infarction of the spleen kidneys extremities or 
brain may thus result 

Pulmomry infarction is uncommon unless chronic passive congestion 
IS })rcsent in the lungs With initial stenosis tins condition is frequent 
especially when the stage of cardiac failure is reached The emboli which 
plug the pulmonai’y arteries to cause the infarct may come from thrombi 
in the systemic veins (espeaally ihe lower exiiemities and pelvis) or from 
the iioht auricle At times arterial thromboses in the smaller pulmonary 
arteries may be the cause HemofHysts in cases of mitral stenosis 
especially when die sputum is dark red and viscid is often due to dns 
cause Pulmonary infarction usually is accompanied by pleuritic pain 
and blood spitting but in quite ill patients it may occur wiUi a few 
clinical signs or symptoms and be an unrecognized contributory cause 
of deatli 

Chronic passive congestion of the lungs and later of the hvci arc the 
rule with mural stenosis Hepauc enlargement vviih even definite 
cirrhosis occasionally occurs and m long standing cases there may be 
splenomegaly A frank hemoptysis is less frequently die result of mitral 
stenosis than of cither pulmonary tuberculosis or bronchiectasis Probably 
It occurs occasionally in die absence of pulmonary infarction (from a 
van\ in the bronchial mucosa ) but it is ccitainly not a common mam 
fest ttion of uncomplicated mitral stenosis 

Subacute bacicnal endocarditis is nearly always superimposed on a 
previously damaged valve most often an old iheumatic mitral or aortic 
valvuhlis Unfortunately dtis is more often ilian not a relatively mild 
lesion so tliat a patient who has been little incapacitated by cardiac dis- 
ease must dien be given a practically hopeless prognosis (See section on 
Bacterial Endocarditis ) 

MITRAL INSUFFICIENCY 

Tins most frequent of all valvular lesions may be oiganic or relative 

Signs Its cbaracierisiic sign is a systolic murmur m the region of 
die apex but it is important to remember that systolic murmurs in this 
area do not always mean heart disease Tlie murmur may be soft or 
harsh in qualiiv and short or long m duration It ficqucntly accompanies 
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of the edges so the \ahe segments fail to dose properly, causing an insuf- 
ficiency. With furtlier damage and scarring the cusp margins become 
adherent and the chordae tendineae thickened and matted to llie cusps. 
A stenosis of the vahe gradually occurs. As a rule the devclojunent of 
mitral stenosis is a slois process, extending oser a period of several years. 
Occasionally it may develop quite rapidly, but probably rarely in less 
than two ycais The size of the orifice may gradually diminish so Uiat 
eventually only a slit remains. Calcification is frequent in these long- 
standing and high-grades of stenosis. 

Witli old age, alheiosclerotic processes may attack the mitral valve, 
especially the aortic cusp, producing regurgitation. Rarely, calcium 
deposits may be present in the valve ring and extend into die base of 
valves producing a definite stenosis. 

Enlargement of die left ventricle from any cause may produce dilata- 
tion of the muscular ring of the valve, and a lelative insuHicicncy result. 
This is especially common in aortic insufficiency and in liypcttension. 
Myocardial fibrosis secondary to coronary disease is another rather com- 
mon cause. A relatively loud systolic murmur may be heard at the apex 
area as the result of such conditions, even though no organic changes ate 
present in the mitral valve perse 

Secondary effects of the valvular lesion are seen on the heart chambers 
and on other organs. With mitral regurgitation, hypertrophy and dilata- 
tion of die left ventricle and auricle may occur. With mitral stenosis, 
hypertrophy and dilation of die left auricle and right ventricle arc seen, 
vriili later changes in the right auricle. 

Tliromhi in die auricles arc moie frequent in mitral stenosis than 
with any other valvular lesion, and especially so when auricular fibrilla- 
tion is present. They usually begin in die auricular appendage, increasing 
in size until they may project well into the auricular cavity. Large 
Uirombi are found occasionally free in the auricular cavity, and dicy may 
grow to considerable size and may even cause death by obstruction of 
the auriculo ventricular v’alvc, Uic so-called "ball-valve” thrombus. 

Emboli to the brain, viscera and extremities arc moic often seen with 
mitral stenosis and auricular fibrillation than any other type of cardiac 
condition. Uecniisc of the marked stasis in the left auricle from the miiral 
valve narrowing and failure of die auricle to contract, dirombus fonna- 
tion is especially frequent with this combination. Small or large particles 
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of tile clot, breaking off from the auricular thrombus, pass to ilie left 
ventncle and become the emboli, uhich may lodge m any part of the 
systemic arculation Infarction of the spleen, kidneys, extremiues or 
brain may thus result 

Pulmonary infarction is uncommon, unless clironic passive congestion 
IS present m the lungs ^Vith imtral stenosis tins condition is frequent 
especially when tlie stage of cardiac hiilure is readied The emboli which 
plug the pulmonary artenes to cause the infarct may come from tlirombi 
in die systemic veins (espeaally the lower e%.tremtties and pelvis) or from 
die nght auricle At times arterial thromboses in the smaller pulmonary 
artenes may be the cause Hemoptysis m cases of mitral stenosis 
especially when the sputum is dark red and viscid is often due to diis 
cause Pulmonary mfarcuon usually is accompanied by pleuritic pain 
and blood spitting, but m quite ill patients it may occur with a few 
clinical signs or symptoms and be an unrecognized contributory cause 
of deadi 

Chronic passive congestion of the lungs and later of die liver are the 
rule with mural stenosis Hepatic enlargement with even definite 
cirrhosis occasionally occurs, and in longstanding cases there may be 
splenomegaly A frank hemoptysis is less frequcnily the result of mitral 
stenosis dian of either pulmonary tuberculosis or brondiiectasis Probably 
It occurs occasionally m the absence of pulmonary infarction (from a 
vari\ in the bronchial mucosar) but it is certainly not a common mam 
festation of uncomplicated mitml stenosis 

Subacute bacterial endocarditis is nearly always superimposed on a 
previously damaged valve, most often an old rheumatic mitral or aortic 
valvulitis Unfortunately, diis is moie often than not, a relatively raild 
lesion, so diat a patient v^ho has been hiUe incapacitated by cardiac dis- 
ease must then be given a practically hopeless prognosis (See section on 
Bactenal Endocarditis ) 

MITRAL INSUFFICIENCY 

This most frequent of all valvailar lesions may be orgamc or relative 

Signs Its charactensuc sign is a systolic murmur m die region of 
die apex, but it is important to remember tiiat systolic murmurs in this 
area do not always mean heart disease Tlic murmur may be soft or 
harsh in qiialiiv and short or long m duration It frequently accompanies 
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ihe first sound, seeming to replace it. Occasionally it may occur late in 
systole and be heard bettveen tlie first and tlie second sounds. In these 
cases, if not timed carefully, it may be r^rded as diastolic. Its point of 
maximum intensity is at tlie apex area or just lateral to it. Its transmis- 
sion IS especially toward the axilla. If \ery loud, it is often heard over 
the entire precordmin and in tlie left scapulai area. The pitch of the 
murmur is high and at times it has a musical charactei. It is lieard 
easily with any type of stethoscope. A thrill is occasionally felt 
in the region of the apex. The second sound is frequently accen- 
tuated at the apex or pulmonic area, and may be reduplicated 
Evidence of enlargement of tlie left ventricle is often present. There are 
no symptoms characteristic of Uiis lesion. 

Diagnosis: In the diagnosis of mitral incompetency one must first 
eliminate systolic murmurs at ilie apex area, which are not the result of 
heart disease Anemia, fever, hyperthyroidism and other factors increas- 
ing blood velocity may give systolic murmurs at the apex, usually soft in 
character. Coincidentally, systolic murmurs are apt to be heard in the 
pulmonic area. Cardiorespiratory murmurs, which are heard during ccr> 
tain phases of respiration, but absent at other times, are a normal 
phenomenon. AsSirThomas Lewb so aptly points out, a systolic murmur 
at the apex may be an important guiding sign and should stimulate one 
to look carefully for other evidences of hoirt disease. A careful search 
should be made for the cliaracien'stic murmur of mitral stenosis and for 
factors which may cause hypertrophy and dilation of the left ventricle. 
Levine has pointed out tlie importance of attempting to ascertain tlie 
cause of all systolic murmurs. With a moderately loud murmur at tlie 
apex organic heart disease is apt to be present and Uiere arc nearly 
always other signs of heart disease. Tlie intensity and location of the 
murmur are of more importance than transmission in determining 
whether a given murmur is "functionar* or not. The underlying condi 
lion, causing a "relative” mitral systolic murmur, may be more serious 
than that causing an organic valvular lesion, t.e., hypertension, syphilis 
or myocardial damage from coronary' disease It may be difficult to 
determine whether the valvular insufficiency is due to disease of ihe 
valve itself or to dilatation of the valve ring, or boih. Eortunately, the 
prognosis and treatment are not altered by tliis academic problem, as 
they are based on otlier factors than the valvul.nr insufficiency per se. 
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MITRAL STENOSIS 

riui important valvuhr lesion is frcqucntl) overlooked Many patients 
having It aie syniptomlcss, and in those nith symptoms the complaints 
usually lesult from secondary effects of die condition 

Signs* There are several signs winch are suggestive of this condition 
Inspection of the prccoidium may sliow increased activity in the region 
of the lower sternum and left intercostal spaces especially the third uid 
fourth Palpation of this aica and the aica of the apc\ beat often 
reveals evidence of increased activity and a shock synchronous v\ith 
systole A diastolic tfnill may be feh at or near die apex area and usually 
just preceding the systolic impact unless nbrilhiion is present vvlien it 
occurs early in diastole Percussion may be misleading as there may be 
little or no evidence of cardiac enlargement demonstrable by this means 
The auscultatory signs are the most important 

A diastolic murmur at the nmral art » is tlic sign of greatest diagnositr 
value It 15 chatactcnstically of low pitch and very localized It frequently 
has a rumbling quality and is heard best vMth the patient recumbent 
In early cases it viay he heard with certainty only with the patient turned 
on the left side It is usually accompanied by a systolic bruit wlucli gives 
a to and fro character to the nnirnuirs With a well developed stenosis 
the murmur is usually maMinuin in hie diastole and lias a harsli mseendo 
character (the result of auncuhi systole) In these cases it ficqucnily 
ends in a slajiping first sound and it is often continuous with a systolic 
murmur In children the murmur may be soft in character and mid 
thisiohc icscinbling a ihud luart sound at times With auricular fibril 
Iniion (he muiinur is altcied in us time in diastole It tends to be ma\i 
mum in early diastole when the auncuhi pressure is giealest ^Vith rapid 
and inotkrate vcittncuhr rates the muriimt extends tlnough to the next 
systole but with slow rates the miinnur may he exhausted before many 
of tilt following ventricular contractions Increasing the heart rate will 
usually increase the intensity of the murmur The murmur of mural 
Stenosis may disappear at times with failure and dilatation of ilie hem 
and even with the patient resting quietly m bed In the litter cases it 
leappcais quickly with exeition and increase in the cardiac rue Other 
auscuhatoiy signs of imjHjrtancc are an acemtuated snappy fust sound at 
the apc\ aica md an irceiuuucd or split second sound at the pulmonic 


area 
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The Austin Flint niurmur, wliich occurs with about one-half of the 
cases with free aortic regurgitation, is identical in time and location with 
the murmur of mitral stenosis. It may be less harsh in quality and a 
definite thrill is rare. The first sound at the apex does not tend to be 
accentuated, but systolic murmurs at tltis area are frequent, as dilatation 
of tlie left \entricle is so commonly present in these cases. In many 
instances a differential diagnosis cannot be made on Lite basis of physical 
signs alone. The e.\act mechanism of production of this munnur is 
debated. Rarely, diastolic murmurs may be heard in the mitral 
area in cases of greatly enlarged hearts, with adherent pericardium and 
after pulmonary embolism. 

Bland, ^Vhiic and Jones have pointed out the relative frequency of 
diastolic anneal murmurs in children with active rheumatic heart disease 
ithout mitral stenosis, but with active myocarditis. The presence of such 
mttrmurs should make one suspicious of mitral stenosis, but final opinion 
should be reserved, especially if it is the first attack of rheumatic fever. 
The Graham Sicell murmur of relative pulmonic insufftciency is so rare, 
even with extreme grades of mitral stenosis, that it is safer to consider 
murmurs of this type as arising from the aortic valve, c\cn when there are 
no otlicr signs of aortic insufficiency. (See Pulmonic Insufficiency.) 

Auricular fibrifiatioii is much more frequent witli mitral stenosis 
than witli any other vahe lesion. This is probably related to the coin- 
cident strain placed on the auricles (especially the left) by the narrow- 
ing of the mitral valve. Most patients under .15 years of age with diis 
arrhjthmia have mitral stenosis. 

Diagnosis: Tlic diagnosis of mitral stenosis can be suspected fre- 
quently by palpation of the precordiuni. The presence of a definite 
systolic impact or shock in the .ipex area is always very suggestive and it 
may be present uhen there arc no signs of c.ardiac enlargement. A 
diastolic thrill is of value when present, but is often variable and occurs 
only when the murmur is loud. 

The diagnosis will seldom be missed if the characteristics of the 
munnur are known. In all cases in which a systolic murmur or snappy 
first sound are present at the apex, or tlie second sound is accentuated in 
the pulmonic area, an especially caieful search should be made. In 
nearly a third of the cases of mitral stenosis little or no systolic murmur 
is present. It is in these patients tliat the lesion is most often overlooked, 
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especially if ihe patient is not recumbent A healtliy suspiaon is i 
valuable aid and in any questionable case examination after exercise 
witli the patient prone and slightly turned on the left side will usually 
clinch the diagnosis \ perle of amyl nitiitc may be used in place of exer 
CISC to increase tlie heart rale 

X ray studies of the heart are of considerible value in doubtful cases 
Fluoroscopic examination may demonstrate enlargement of the right 
ventricle (pulmonary conus area) and the left auricle which are strong 
confirmatory evidence for mitral stenosis 

\Vitli free aortic regurgitation of obvious syphilmc etiology a diastolic 
murmur of rumbling character at the apc\ can be safely regarded as an 
•Vustin Flint Murmur In many tpsiauces Oie final decision as to whetliei 
one IS dealing witli mitral stenosis or a Flint Murmur can be determined 
only by a caieful analysis of all data available and a period of clinical 
observation It is probably safer to reserve an opinion as to the presence 
of mitral stenosis in cases of active rheumatic heart disease until the infec 
non has subsided and possible dilatation fiom myocarditis is relieved 
The inuimur of aortic insufficiency need not be confused with that 
of mitral stenosis The former occurs eaily in diastole has a blowing 
high pitched quality and its point of maximum intensity is usually along 
die left bordei of the sternum at the level of die third or fourth inter 
space Even with auricular fibnllauon in which the murmur of mitral 
stenosis occurs early in diastole the character and location of it usually 
leave no doubt as to its origin The association of disease of die aortic 
and mitral valves is frequent m rheumatic heart disease but the signs of 
both lesions tend to be distinct 

Case I A white boy 18 years of age was frst seen in the Cardiac 
Clinic of die Pennsylvania Hospital at the age of 11 Vt the age of eight 
when seen by a physician for a multiple arthritis a rheumatic heart 
was discovered \t the time of our first examination diere were signs of 
definite cardiac enlargement and mitral insufficiency He was mainour 
ished and his tonsils were cniaiged and appeared infected 

The patient was follov ed at intervals of two montlis during the next 
year Tonsillectomy \ as done v ithout difficulty and lie continued to 
ittcnd school After about six months a slight diastolic and presvstohe 
murmurs became evident at the apex area The loud apical systolic 
murmur remained There was no gam in v eight during the year of 
observation and he complained of easy fatigue and dyspnea on sliglit 
26 
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DO csscDliai diange m the catdiac mttrmuts at iJie apev but a sfsiohc 
munnur was nou heard o\cr Uic enure base of the heart No aortic 
diastolic mumiur t\as noted on admission or on frequent subsequent 
examinations The B P sv as 110/90 Moist rales ere heard at the right 
base posteriori) The abdomen was tender to palpation oser the upper 



ricuiu I Ca<ic I Lett ^cniiiUc and luiiral %aUc opci cd to show maikcd thickening 
and contiaciion of ihc injinJ »ahe CM«ps t»»ib shortening and thickening of the clior lac 
(ciidiiuc Note also die thick left auricular wall with ihickcnnl opaque and wTinUcd 
cndoardium T1 e right 'cntricular will is seen to ncirly equal the Ult in thickness and 
there IS an old adherent thronthus in ihc auricular appendage 

quidrants and the li\cr cd^c reached nearly to the uiiibiliciis Tlic sjiIclii 
was not felt but seemed enlarged lo percussion Shrill edema of the feet 
was present 

The patient was redigitali/ed at once and the pain rchesed bv 
morpJjn and codeine The rcnincuJar raic was quickly comrolltd. but 
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gcncnl ^^^ls ilovv -md jiam pcrsis.ied m iht splenic aica 

The lempcratiirc wis slight!) but persistently elevated during this 
hospital iilnnssion but the heart and pulse nies fell quicklj to around 
60 per mimiic T he Llcctrocaidiogram showed auricular fibnllation right 
axis deviation and abnormal 1 waves m Leads II III and IV He died 
suddenly and mher uncxpecitdly on the twentieth hospital day 

Post inoricin cxanunaiion revealed some free fluid but no adhesions 
in the pciicaidial plcuril md jicritoncal spaces The heart was cnlargeil 
greatly weighing 190 Gnv Theie was marked stenosis of the mural 
valve with thickening of the valve cusps md choidac teiulinac but no 
calcification (see hig 1} A slight but definite tnscuspid stenosis was 
present The aortic valve showed a definite old valvulitis of rJicimiatic 
etiology Ml three of these valves showed numerous small pinkish vege 
tations on the valve maiy^iiis typical of acute rheumatic lesions The 
pulmonic valve alone lemained ftce bom the aaiic and the diioiuc 
processes The right and the left vcntnaiJar walls vverc both thickened 
csyxcially the former and ility measured 12 and 15 innv respectively 
Ihc left auricle was hypcrtrojducd and there was thickening of Uic 
endocardium vvitli an attacited ante mortem liirombus in one area 
The right auricle was mudt dihicd The coronary arteries ami their 
orifices vseie grossly normal Nlicroscopically sections of the aiTcctcd 
heart valve cusps showed marked scarring round cell inrihration and 
numerous \sdiof? bodies ihc myocardium was hypertrophic with round 
cell infiltntion and increased connective tissue but few \scliolt bodies 
were sect! The lungs shovsed gross and miaoscojnc evidence of long 
standing dironic passive congestion The spleen was about twice normal 
sire and was adherent to the diaphragm over its ujipcr one half whidi was 
made up largely of a healing infarct The liver was enlarged somewhat 
with a tnarsely nodular surface Evidence of marked dironic passive 
congestion vsith an increase in connective tissue was present on the cut 
surface Tlic other organs showed only evidence of longstanding passive 
congestion 

This case shows the gradual development of severe rlieumauc heart 
disease in a hoy vuth few of the articular manifestations of aaite rlieu 
mane fever Mitral stenosis resiillcd early in the disease and auricular 
fibrillation was established at a rdaiivtly early age (17) Marked hepatic 
cnlaigcmcnt occurred coincident vvith the development of congestive 
failure The finding of definite aortic and incuspid valvuhus at post 
mortem when not suspected clinically is not very uncommon in severely 
damaged hearts vsiih active infection The marked duomc passive con 
gcsiion of tlie lungs was not accompanied by pulmonary infarction as is 
so frequently observed in these cases but an infarct of die spleen was 
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obMous clinically and coudnncd at autopsy The embolus causing the 
splenic infarct, no doubt, arose Irom the thrombus in the left auricular 
appendage 

AORTIC VALVE DISEASE 

Etiology Disease o£ the aortic \alve is second in frequency to that 
of the mural \alve It is more common in the male sex The cases may 
be divided loiighlj into tltree groups (i) Those m children and young 
adults are nearly all due to the rheumatic infecuons (2) Cases begin 
lung in the period of middle life ire due largely to syphilis (3) A feu 
cases uith aoruc disease are seen in the old age group usuallyr the result 
of atlierosclerotic and degenerati\e processes Hypeitension may or may 
not be present Patients are, of course, seen at times uith combinations 
of the above etiologic factors Acute and subacute infectious processes 
attack this valve reluively frequently (See section on Bacterial Cndo 
carditis ) Rupture of an aortic cusp is a rare cause of aoruc msuffiaency 
and occuis pracucally always in a valve damaged by syphilis or bacterial 
endocardtus Relative aortic insufHcicncy is most uncommon because 
of the fibrous chaiacter of the aortic ring It is wise to regard all cases of 
loruc insufliciency as the result of organic changes 

Pathology li/icuuiti/ic affecuons involve tlie cusps of tlie valve at 
the line of apposition, so that perfect closure is prevented Tlnckemng 
of the cusps follovss uuh adhesions at the commissures InsuHicieDq of 
of the valve is tlie first lesion produced WiUi progression of tlie scarrmg 
process a slight or moderate stenosis may develop In long standing cases 
calaum deposits often occur, and the degree of stenosis may, at times 
be marked even in young adults In most cases of rheumatic aortic disease 
however, stetiosu is not a factor clinuzally 

Syphilis attacks both the aoruc valve and the aorta itself It involves 
the valve cusps to a greater or less degree, producing thickening and 
rolling of the edges vwUi often retraction of the cusps DilataUoii of the 
fibrous ring itself is usually present ivitli a widemiig of the commissures 
Aortic regurgitation is tlie lesion produced Syphilis does not cause aortic 
stenosis, a trudi long known but still needing emphasis The systolic 
murmur present at the aoruc cartilage in most of the lueuc cases is the 
result of dilatauon of the aorta from a coincident aortius Syphilitic 
processes in die root of die aorta not infrequently encroach upon die 
mouths of the coronary arteries and may lead to or hasten myocardial 
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insufficiency InvoKement of Uie root of tlic aorti occasionally occurs 
witliout concomitant valve disease 

Atheiosclerotic processes may involve tlie aortic valve to produce botli 
insufliciency and stenosis The patients arc nearly always old men and a 
severe grade of stenosis occasionally icsults Calcareous deposits are the 
rule beginning at the base of die cusps and extending into the valve and 
sinuses of Valsilvi Breaks in the endocardium are frequent and 
thrombi may be deposited on these areas increasing the disability of the 
crippled valve Many pathologists believe that most of the cases of aortic 
stenosis seen m the old age group are die result of degenerative changes 
in previously damaged valves from rheumatism or healed infective endo 
carditis A few cases of acquired stenosis are seen m bicuspid aortic 
valves These valves were previously thought to be congenital m origin 
but recent studies suggest that bicuspid aortic valves in adults may be 
die result of old rheumatic processes 

It seems logical that all cases of aortic stenosis must have some degree 
of insufficiency of the valve Clinically however the features of regurgna 
tion may be very slight especially in the old age group where even the 
characteristic diastolic murmur may at times be absent 

Secondary effects of aortic valve disease are often striking Many of 
the largest hearts seen are the result of aortic insufficiency, which causes 
both dilatation and hypertrophy of the left ventricle vvidi later changes 
in the left auricle and enure right heart Aortic stenosis produces the 
classical examples of concentric hypertrophy of the left ventricle Lxtremc 
hypertrophy of this cliambcr may be present in diese cases widi little or 
no dilatation 

aortic insufficiency 

Symptoms Subjective symptoms are more frequent with diis valve 
lesion than any other Precordial distress of various types is common and 
palpitation is often distressing True angina pectoris may occur and is 
usually die result of a coincident aorUtis 

Signs Definite enlargement of the heart to inspection and palpation 
are frequent in aortic insufficiency The enlargement is predominately 
left ventricular and die apex beat of the heart tends to be localized and 
forceful It is usually displaced downward and outward from the usual 
aiea The two most important signs are a dtaslohc murmxir at the base 
of die heart and an increase m the pulse pressure The murmur is of 
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great importance as it may be the first or only sign It has a high 
pitclicd blowing quality and is usually heard best along tlie left bordei 
of the sternum at the le\el of tlie third or fourth interspace It begins 
immediately after the second sound and frequently seems to replace it 
The second sound is usually not heard clearly in the aortic area (second 
right costal cartilage) even though the murmur is not uell heard in 
this area 

The murmur is usually of fairly long duration tliough in early cases 
It may be only a short whiff When the munnur is of slight intensity 
and short duration it may be overlooked unless the patient is examined 
m tlie upright position with die breadi held in expiration The 
diaphragm stedioscopc is more sensitive than oiber types in detecting ihis 
murmur When loud the murmur is heard in the aortic area and usually 
IS accompanied by a systolic nmnmir giving a to*and fro charactci Its 
direction of transmission is toward die apex and it may be heaid in die 
axilla Rarely the murmur may be heard best at the apex or just medial 
to It Occasionally the murmur of aortic insufficiency has a definite 
musical quality rather aptly compared to the cooing of a dose \t 
post moitem examination most of these cases arc found due to syphilis 
and there is seen a hinge like deformity of one of the valse cusps ivhich 
Mbraies with die regurgitation of blood The munnur m these cases 
may be loud enough to be heard by the patient or even at some distance 
from the chest This is the type of murmur described in cases of ruptured 
valve cusp but is probably much more frequently caused by the deformity 
just mentioned In cither instance the onset is apt to be sudden and 
often With exertion AVith a very loud murmur usually musical in 
character a diastolic thrill may be felt at die base somewhat variable 
m location A systolic murmur at die apex as the result of lelaiive mural 
insufficiency is a common finding About half of the cases of free aortic 
regurgitation have an Austin Flint iiniimur at the mitral area (Sec 
Mitral Stenosis) It is apt to come and go without apparent cause and 
differentiation from organic mitral stenosis may be difficult 

The second important sign is the Comgan or uiaterhamuier pulse 
This IS the result of a large pulse pressure and is caused by the cjccuoii 
of an increased amount of blood into an aorta having an unusually low 
pressure The quick rise and fall of the pulse wave is easily felt on palpa 
tion The increase in pulse pressure is rcsjxinsiblc for the many su„ 
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as the otlier signs of tlie mitral disease differentiate it from a murmur 
arising m the aortic aahe Acute rheumatic pericarditis occasionally 
gi\es a soft to and fro friction at the base which is not unlike a murmur 
Careful obsenation over a few days will prove the true nature of the 
condition 

AORTIC STENOSIS 

There are no symptoms which occur as the result of this lesion 
Syncope and sudden death are more frequent with aortic stenosis than 
any otlier valve lesion but often a marked grade of stenosis is well borne 
even in die elderly Some degree of insufficiency is present in all cases 
In the old age group it is apt to be insignificant vUiile in die cases result 
mg from rheumatic infections regurgitation features often predominate 
Aortic stenosis of a moderate or marked degree is a rare lesion and should 
be seldom diagnosed Actually slight degrees of aortic stenosis are not 
very uncommon in rheumatic heart disease because of the nature of the 
pathological process but these lesions seldom give sufficient signs to be 
positively diagnosed clinically 

Signs The sign vvhich usually calls attention to this lesion is a 
harsh systolic murmur at die base maximum at the aouic area It is 
usually transmitted upvsard into the neck vessels As similar murmurs 
occur in other conditions it is of httie diagnosuc \ahic aione Occurring 
as It does in all cases however it arouses suspicion and should initiate 
a search for other more important signs A systolic dinll is nearly always 
present at die aortic area and is best felt with the patient upright and 
on expiration It is not absolutely essential for diagnosis and occurs occa 
sionally in other conditions The effect of the stenosis on the pulse is 
one of the most important signs of die condition With well developed 
stenosis the pulse is characteristically small and of good tension v^ith a 
slow use and sustained quality the plateau or anacrotic pulse Witli 
a considciable degree of valvular insufficiency die pulse wave is of 
course altered To determine the lelaave effect of the two conditions on 
die pulse may not be an easy matter m some cases An equaluing effect 
on die blood pressure is seen when both stenosis and insufficiency arc 
present so that at times the pulse and blood pressure are essentially nor 
mal The aortic second sound is usually not heard The munnur of aortic 
insufficiency is practically always heard, even though die signs of regiirgi 
ration are sJjgJjt 
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Diagnosis It should be remembered that systolic murmurs in the 
aortic area are frequent, but that aortic stenosis is uncommon ^Vhen the 
triad of murmur, thrill and plateau pulse are present the diagnosis ma) 
proceed without question In many cases of rheumatic aortic disease \'.ith 
considerable insufiiciency a diagnosis of probable aortic stenosis can be 
made nith a fair d^ee of accuracy esen though the typical pulse 
changes are not present A loud systolic murmur m die aortic area may 
be seen in dilatation of the aorta from luetic aortitis or atherosclerosis 
An accentuated aortic second sound and die absence of a pulse change 
or of a diastolic murmur make the diagnosis of stenosis untenable in these 
cases The folloiving case history illustrates a number of the important 
features of aortic stenosis 

Case II A physician 71 years of age, uas first told of a cardiac 
murmur at die age of 58 years uhen he uas eNaimncd because of short 
ness of breaih on moderate exertion After a period of fuc years of rcla 
ttiely good health he consulted a cardiologist because of siibsicnial 
oppression uhidi he noted on walking up an incline or on ualkuig. 
folloning a licai-y meal Mental upseis and cxciicinciu uould also pro- 
duce similar distress ulndi was rclicsed promptly by 0 3 mg (y o gram) 
of nitroglycerin The family history was negative except for a younger 
brodicr witlt diabetes mellitus who sulTercd an attack of coronary throtn 
bosis at 60 years of age The past medical history was entirely negative 
for illness related to heart disease 

Examination at 03 vears of age revealed evidence of cardiac enlarge 
iiicnt mainly left ventricular and a loud systolic murmur over the entire 
precordiuni This seemed loudest at ilic aortic area but no dinll v\as 
present and no diistolic mtinnur could be heard The blootl pressure 
was 1 18/08 in both arms and Uic rhythm was regular The lungs were 
clear and tlvcrc was wo Ivepauc culirgciaetit. Tlvc evtccnviues diowcxl 
only a considerable thickening of Uie palpable arteries 

During the next seven years the |»aucni remained in good general 
health and he coiiunucd lo do a great deal of important work His 
phvsidl activity v\as liiniicd by the ingmal attacks but their friquiiicy 
or severity showed little change, and relief from nitroglycerin was 
prompt At times the drug was used effectively for the prevention of 
attacks There vvas no apprcaablc cliange in liie cardiac findings or 
blood piessurc during this time The cardiac reserve became less and the 
anginal attacks vvcrc more costly induced dunng ihe few months pnor 
to Ins death but he coniinucd to lead an active and useful life He ilicd 
suddcnlv while climbing the stairs in Ins home 
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Post mortem exaimnation uas limited to the heart and aorta. These 
structures together tvetghed 520 Gm The heart tvas not dilated but 
die left \entncular ’wall showed marked tlnckcning due to hjperiroph) 
This wall measured 18 mm and the right, 6 mm Marked stenosis o£ the 
aortic \al\e was present. Uie orifice being little more Uiaii a slu and the 



FictRE 2 Case II Left >ciiiricJe omicU iw \ho t the aortic ^ahe Note the cxircinc 
ii\]>crUopl)) of the left ventrirubr wall hiUi little dilatation of the >cinticular cavit) 
Ihe aortic \alic sltonr cMrcioc deforrouv from CbitKu and calnficaiio i but the mitral 
^ahe li essentiall) normal \ break m ihe ml ma of ilte fim [loniun of ilic aorta is 
Oident 

cusps were ngtd and calaficd (see Fig 2) The mitral rahe showed only 
\cry slight tliicketnng of the aisps, and the chordae tendime were normal 
The tricuspid and the pulmonic vaUcs were not abnonnal The coionary 
orifices were diminished m size b) adicrosclcrotic processes in the aoiia 
and there was a moderate degree of sclerosis with aicas of caiafiauon 
throughout ilie mam coronary artcncs No occlusion of tJic coronary 




CHRONIC VALVUL/VR HE/\RT DISMSE 


379 


Post mortem examination was himtetl to the heart and aorta These 
structures together weighed 520 Cni The heart was not dilated but 
the left \entnailar wall showed marked thickening due to hypertrophy 
This wall measured 18 mm and die right, 6 mm Marked stenosis of the 
aortic \al%e was present die orifice being Utdc more ilian a sUt and the 



Ficlre 2 Case n Ltfi vciut dc oi e icd ti> sho» ihe aonic «hc Note the cstmac 
h^]Kruo| iiy of (he left ^clurlcular \ all \ ilb little diLiiaiion of the >cntr eubr cavitv 
Tlie aori c \altc shows cxirone dclonn tv irom Gbro>is ami calcifcaiion but the mitral 
IS csscncialU nonual \ break id llic intiina of the fit^i joriiot of the aoiia u 
cMdcnt 

cusps were rigid and calcified (see Fig 2) The mural \-ahe showed oi^ 
icry slight thickening of the cusps and the chordae icndmae were noruiil. 
The tricuspid and die pulmonic lahcs were not abnormal The coroiian 
orifices were dmiimshcd in sire by athcroicJcroiic pi-occsses in the aQ;^^ 
and there was a moderate degree of sclerosis with areas of caloficabii 
iliroughout the mam coronary aitenes No occlusion of the corona 
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Diagnosis It should be remembered tliat systolic murmurs in the 
aortic area are frequent, but tliat aortic stenosis is uncommon When die 
triad of murmur, thrill and plateau pulse are present, the diagnosis may 
pi oceed without question In many cases of rheumatic aortic disease with 
considerable insufficiency, a diagnosis of probable aortic stenosis can be 
made with a fair degree of accuracy, e\en though the typical pulse 
changes are not present A loud systolic murmur in die aortic area may 
be seen in dilatation of the aorta from luetic aortitis or aUierosclerosis 
All accentuated aortic second sound and the absence of a pulse cliange 
or of a diastolic murmur make the diagnosis of stenosis untenable m diese 
cases The following case history illustrates a number of die important 
features of aortic stenosis 

Case II A pliysician 71 years of age, was first told of a cardiac 
murmur at the age of 38 years when he was examined because of short 
ness of breath on moderate evertion After a period of fne years of reU 
tiicly good health he consulted a cardiologist because of substernal 
oppression which he noted on svalking up an inclmc or on walking 
following a heavy meal Mental upsets and c.\cncm(.nt would also pro- 
ducc similar distress wlucii was relieved promptly by 0 3 mg (t/, q gram) 
of nitroglycerin Tlic family history was negative except for a younger 
brodicr with diabetes mcllittis who suffered an attack of coronary throm 
bosis at 00 years of age The past medical history was entirely negauve 
for illness related to heart disease 

Examination at 03 vears of age revealed evidence of cardiac enlarge- 
ment mainly left ventricular and a loud systolic murmur over the enure 
prccordiuni This seemed loudest at the aortic area but no ilirill was 
present and no diastolic inunnur could be heard The blood picssurc 
was 1 18/08 in both arms and the rliyllim was regular Tiic lungs were 
ckav awd ih«c was wo Uepauc cwlargewwtwt. The exUtitwues showed 
only a considerable iliickcning of ihc palpable arteries 

Dunng the next seven vears the patient remained in good general 
health and he continued lo do a gicat deal of important work llis 
physical activity v%as limited by the angina] attacks but ihcir frequency 
or severity showed htlle chaiii^c, and relief from nitroglycerin was 
prompt Vi times Uic drug was used effectively for the prevention of 
attacks Ihere was no apprcaabJc diange in Uie cardiac findings or 
blood pressure during this time The cardiac reserve became less and die 
anginal attacks were more easily induced during the few months prior 
to his death but he continued to lead an active and useful life fie died 
suddcnlv while climbing the stairs in his home 
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Post raoriem examination uas limited to the heart and aorta These 
structures together ueighetl 520 Gm The heart tvas not dilated but 
die left \enmcular uall sliowed marked dnekemng due to hypertrophy 
This tvall measured 18 mm and the right, 6 mm Marked stenosis of the 
aortic ^aI\e t%as present, the orihce being hide more than a slit and the 



TiCLRE 2 Case II Left \eiiUjdc opened lo show the aortic valve. Note ihe e\ireine 
h>perirD]>h) of the IcCi ventricular v all with liulc dilatation ot the ventricular cavity 
The aortic valve shot $ exiicme deformity fioni Qbiosn and calcification but the mural 
valve IS esseiitioJl}’ normal A break m the tnuiaa of the Jirsi portion of the aorn is 
evident 

cusps were rigid and calafted (see Fig 2) The mitral \ahe showed only 
\ery slight thickening of die cusps, and die diordae tendinae were normal 
The tricuspid and the pulmonic \al\es were not abnormal The coronary 
orifices were diminished in size by atherosclerotic processes in die aorta 
and there was a moderate d^ee of sclerosis with areas of calcification 
throughout the main coronary artenes No occlusion of die coronary 
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arteries ^vas demonstrable and tlicrc i^erc no areas of mjocardial infarc 
uon Microscopically there was hypertrophy of the muscle fibers but ^ery 
little scarring Definite bone formation was present in the aortic cusps in 
addition to the marked deposition of calcium 

This case of aortic stenosis was not classical in many of die clinical 
features but it illustrates well ilie fact iliat a high degree of aortic stenosis 
is often well borne especially in the older age group No systolic thnil 
or diastole murmur was e\cr found and the patient was examined care 
fully by more than one comyicient cardiologist The blood pressure was 
not significantly altered The angina present was no doubt secondary to 
the coronary orifice imoKeinent or to the coronary sclerosis or I otli 
The sudden deatli probably during an anginal attack (ventricular fibril 
lationr) IS not uncommon with tins condition It seems most likely tint 
this patient belongs to the group of aortic stenosis cases whtdi result 
from atherosclerotic and degenerauve changes in the valve ring and cusps 

TRICUSPID VALVE DISEASE 
Well developed organic disease of the tricuspid valve is uncommon 
though functional dilauiiou of this valve is relatively frequent The 
causes of tricuspid endocarditis and the padiologioil changes arc identical 
vvith those of mitral endocarditis The condition piaciically always is 
associated with mitral disease Slight valvulitis is not very infrequent at 
post nvortem cxamttvatvou of patients dying with severe active Theumalic 
heart disease 

Tricnsjud Insufficteticy as the lesuli of dilatation of the vahe ring is 
commonly present in congestive heart failure from any cause. A systolic 
pulsation in the veins of the neck may be visible and a systolic murmur 
niaximum over the lower sternum is suggestive of tricuspid origin Com 
cjdent mitral insufiiciency is the rule and the two murmurs may be 
diHicult to differentiate Though relative insufficiency of this valve is 
probably frequent a distinct murmur is not common From the stand 
point of prognosis and treaimeni the condition is of little or no 
importance 

TriciisfJid stenosis is a rare lesion and seldom diagnosed ante moiicm 
Us most characterisuc sign ts a murmur similar to that of mitral stenosis 
but located at die lower cud of the sternum Mural stenosis is praciirally 
always present and aortic disease is not uncommon Marked dilatation of 
the right auricle is to be expected Vbscnce of the characteristic murmur 
does not rule out die lesion The combination of qanosis sliglii jum 
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dice, pulsation o£ tlie neck veins and an enlarged pulsating liver are 
suggestive of tricuspid valve disease. These sjmptoms are especially 
significant if they exist in the absence of peripheral edema. The x-rays 
and electrocardiograph are of little value in the diagnosis of tricuspid 
disease, as lesions of this valve do not occur independent of otlter valve 
involvement. 

PULMONARY VALVE DISEASE 

The pulmonic valve is least often the site of acquired disease and 
most frequently the site of congenital lesions. The pulmonic area, how- 
e\ei, is frequently die site of murmurs, botli systolic and diastolic, and of 
cardiac and extraotrdiac origin. Systolic murmurs are especially common, 
and this area is the usual site of “functional" murmurs so frequent in chil- 
dren. With anemia, fe\er, or tachycardia, a systolic murmur localized 
to this area is relatively common. The cardiorespiratory muimm may be 
heard best here. 

PULMONIC INSUFFICIENCY 

This lesion as an isolated phenomenon is rare. Slight involvement of 
the cusps by rheumatic endocarditis is seen occasionally at post-mortem 
e.\amination in cases with severe infection. As a rule in these cases, there 
is involvement of all of die heart valves, and the pulmonic valve disease 
is the most iccent and least marked. Isolated pulmonic insufficiency is 
usually associated with dilatation of the pulmonary artery and its 
branches, and often with marked atheiosclerosis of these vessels. The 
lesion is probably of congenital or developmental origin in most cases. 
Relative insufficiency occurs occasionally. Tlie Graham Stcell murmur 
is of tliis type, but it is seen rarely even with high grades of mitral 
stenosis. The murmur is seldom persistent in these cases. 

Signs; The signs of pulmonic insufficiency ate those of regurgita- 
tion jjito die right ventricle. Tlie nninniir is ncaily identical with iliat of 
aortic insufficiency, though it is usually maximum at a sHgluly higher 
level {second left interspace) . The usual signs of left ventricular enlarge- 
ment and increased pulse pressure with associated phenomena, which .are 
expected with aortic insufficiency, arc absent. Evidences of right ventricu- 
lar enlargement are to be expected, and x-ray and clcctrocardiogT.iphic 
studies may give valuable confinmalion of this (in die absence of mitral 
or pulmonic stenosis) . The pulmonary artery may be gicaily incrc.ised 
in size with unusually active pulsations on fluoroscopic examination. 
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Diagnosis Relative pulmonic insufliciency secondai') to marked 
mitral stenosis is a rare condition The murmur {Graham Steell) is 
practically identical ^vlth that of aortic insufficienc) Even i\itli a high 
degree of mitral stenosis and no other signs of aortic insufficiency a 
murmur m this area is probably more apt to arise from the aortic \ilve 
than from the pulmonic Wiili evidence of involvement of the miiril 
tricuspid and aortic valves in severe rheumatic heart disease, the pulmonic 
valve may also be diseased The diagnosis m tliese cases is usuall) a 
matter of conjecture and certainly of no more than academic inierest 
Isolated pulmonic insufficiency houever occasionally can be diagnosed 
clinically The presence of a high pitched blowing murmur replacing 
the pulmonic second sound best lieird along tlie left border of the 
sternum maximum in the second left interspace should suggest the possi 
biluy of tins lesion if there are no signs of aortic insufficiency Evidence 
of enlargement of the right ventricle (iviihout mitral or pulmonic 
stenosis) and a normal left ventricle make the diagnosis highly probable 
The electrocardiogram shows right axis deviation and fluoroscopy demon 
strates enlargement of the right ventricle vvfithout evidence of left 
auricular enlargement Increase in the size and pulsation of the mam 
pulmonary arteries usually is demonstrable The autlior has seen three 
cases of tins type in vs Inch a diagnosis of isolated pulmonic insufficiency 
could logically be made clinically In all of these patients heart disease 
was known to have been present for a long period and two were m 
severe congestive failure when first seen Post mortem examination done 
in two of tile cases confirmed the diagnosis One of tlie patients survived 
an attack of pneumonia for which he was hospitalized and complete 
Studies after recovery confirmed the impression of pulmonic insufficiency 

PULMONIC STENOSIS 

This IS one of the commonest and most important of the lesions of con 
genital heart disease The patients often live many years and may reach 
adult life The obstruction may be at the valve itself with narrowing 
due to thickening and adhesions of ihe cus|>s More often it is the result 
of an arrest of development m eirly embryonic life with failure of ilic 
infundibulum to fully expand Tlie opening may be so small as to barely 
admit a probe High grides of stenosis aie usually associated witli other 
congenital malformations the commonest being a defect in the inter 
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ventricular septum and dextroposition o£ the aorta (tetralogy of Fallot) 
The cardiac signs are usually quite topical m a i\ell-de\ eloped case A 
loud rough systolic murmur is heard in the pulmonic area usually 
accompanied by a thrill The murmur is not transmitted into the great 
\essels but may be heard o\er a relatively wide area and m the left intei 
scapular area The pulmonic second sound i$ absent and an early dnstohc 
murmur is heard occasionally Evidence of right ventricular enlargement 
is usually present clinically and tlie xrays and electrocardiogram will 
usually give valuable confirmatory evidence of this finding Cyanosis is 
a feature in nearly all cases (due to tlie adouxture of venous and arterial 
blood) and polycytliemia and clubbing of die fingers are seen m the 
longstanding cases The implantation of acute or subacute bacterial 
infections on the diseased valve is not uncommon For a more complete 
discussion of pulmonic stenosis and associated lesions see die section on 
Congenital Cardiac Abnormaliues 

PROGNOSIS OF CHRONIC VALVULAR DISEASE 
The prognosis of patients with valvular disease is an individual proh 
lem and each case muse be judged on its oun merits The underlying 
cause of die valve defect is usually of greater importance than the lesion 
Itself and this thought is well crystallized by Sir Thomas Lewis in the 
foffowing statement it is probable i/iat the reason why vahe disease 
IS significant is not to be found mainly in the burdens which it imposed 
upon die muscle but mainly in associated disturbances that come witli 
the valve disease and from a common source The reserve of the heart 
IS great and the extra work imposed by valvular lesions is usually rcia 
lively small The valve lesion per sc only assumes die chief significance 
when other signs of heart disease are absent and in these cases the 
prognosis is usually good ^Vhen cardiac enlargement or signs of failure 
are present diese at once assume die major importance in prognosis 

The present-day tendency to stress etiology in heart disease has had a 
salutary effect on prognosis It is obvious that the outlook for a patient 
with aortic insufliciency as die result of aii old rheumatic infection is 
entirely different from that of a patient wuh a similar lesion caused by an 
acuve sypluhiic process In rheumatic heart disease the prognosis must 
be based on other factors than die valve lesion in most cases The heaviesi 
mortality in dus group is from 15 to 30 years of age and less than one half 
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uitii iciual prcMous evperjeiice some degree of iccurac) in prognosis cm 
be hoped for 

TREATMENT 

There is no specific ireatraent for chronic \aUular disease torlu 
mtely, the day has passed uhen the presence of a mur/fitj} :ias thought 
to be an indication for bed rest or drug therapy The more accurate 
ctiologic diagnoses of the present day have aided in Uic promotion of 
better therap) in cardiac disease but with the iciual cause of mans of tlie 
disease processes still unknoun our iicaitncnt is still symptom uie in most 
of the cases 

In patients uiih oiganic snlrc disease but with little cardiac enlaigc 
ment or iinpairment of cardiac icscrve ordin iry aciisit^ and c\eriion 
should be allowed Moderate exercise may be bcncliciil in these paiitius 
but of course strenuous exertion should be avoided Reinov d of all foci 
of infection is indicated es{)ccially in the younger jiaiicnts Much cm be 
done by prophylaxis and propti hygiene to conserve the myocardial 
reserve of these patients and thus prolong hfc Svphihiic heart disease 
can be prevented by the proper treatment of early syphilis With welt 
advanced syphilitic cudiovascular disease treatment is of little avail 
though considerable nupravement may follotv^ therapy if liie diagnosis is 
made early 

The development of syiii]Koius and signs of cirly cardiac failure in 
ciironic valvular heart disease is the indication for immediate diminution 
in jciiMi) or bed rest ind usually for digiialis therapy The neatment of 
this problem as well is the various disturbances in rliMlim which nnv 
occur are discussed in dctiil clsewhcic in this volume 
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survive die foitiedi year A mmonty (25 to 35 per cent) have a mimmal 
lesion which remains inactive and they live a normal life span Widi 
recurrent attacks of rheumatic infection or long standing low grade activ 
ity, die prognosis is not good, though exceptions are seen Auricular 
fibrillation which is so frequent with muni stenosis, is an unfavorable 
sign It lends to occur late in die disease, and while duration of life after 
Its onset IS variable, it is seldom more than a few years Embolism causes 
a fatal termination in about ten per cent of the cases of iheumatic heart 
disease with mitral stenosis and auricular fibrillation Multiple valve 
lesions themselves exert little effect on die prognosis, though indirectly, 
by increasing cardiac enlargement or representing, as they may a more 
severe infection, they may alter somewhat the outlook in die indi 
vidual case 

The prognosis is better in diose patients who develop cardiac failure 
with auiicular fibnllaiion and a rapid ventricular rate than m those 
widi a similar degree of failure with a slow ventricular nte or iiomial 
sinus rhythm All dungs being equal, the larger the heart the poorer is 
the prognosis 

Odier conditions may occur with or be superimposed upon clironic 
valvular disease and greatly alter die prognosis In paueius of die middle 
and older age groups coronary disease and hyperiension are often factors 
which make the outlook unfavorable Luetic aortitis by encroachment 
on the coroniiy oiifices may promote myocardial insufficiency in cases 
which might odienvise remain compensated Subacute bacterial endo- 
carditis, a fatal complication of valvular disease which cannot be fore 
seen, accounts for about five per cent of the deaths m rheumatic heart 
disease Hyperthyroidism, if mild, may exist unnoticed with valvular heart 
disease and may cause cardiac insufficiency in patients who otherwise 
would be well compensated The diagnosis of ihc condition is dms of 
great importance as elimination of die diyrotoxicosis may restore die 
patient to relatively good health 

In general dien, it is seen diat the valve lesion alone contributes but 
htde to die prognosis of the average case of chronic valvular heart disease 
It does, howev er, point the way to a careful study of the etiological agents 
concerned, the degree of enlargement, myocardial reserve, and possible 
complicating factors By a careful evahntion of these factors coupled 
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Hilh actual previous experience some degree of accuracy m prognosis can 
be hoped for 

TREATMENT 

There is no specific treatment for chronic \ahular disease Fortu 
iiately the day has passed when the ptesence of a murmur was thought 
to be an indication for bed rest or dtug therapy The more accurate 
etiologic diagnoses of tlie present day Inie aided in tlie promotion of 
better therapy in cardiac disease but i iih the actual cause of many of the 
disease processes still unknoivn our tieatment is still symptomatic m most 
of the cases 

In patients with organic take disease but with little cardiac enlarge 
ment or impairment of cardiac resene ordinary activity and exertion 
should be allowed Moderate exercise may be beneficial in these patients 
but of course strenuous exertion should be avoided Removal of all foci 
of infection is indicated especially m the younger patients Much can be 
done by prophylaxis and ptoper hygiene to conserve die myocaiclial 
reserve of these patients and thus prolong hfe Syphilitic heart disease 
can be prevented by die proper treatment of early syphilis ^Vllh well 
advanced syphilitic cardiovascular disease treatment is of little avail 
though considerable improvement may follovv therapy if the diagnosis is 
made early 

Tlie development of symptoms and signs of early caidiac failure in 
chronic valvular heart disease is the indication for immediate diminution 
in activity or bed rest and usually for digitalis dierapy The treatment of 
this problem as well as the various disturbances in rhythm which may 
occur are discussed in detail elsewhere m this volume 
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CHAPTER XX 


CORONARY ARTERY DISEASE 

Tred M. Smith, M.D. 

Introduction: The present discussion is concerned uiih the cardiac 
disabUit) resulting from arteriosclerosis of the coronary arteries and 
primarily dependent on an inadequate Mood stqiply to the myocardium. 
This is the most important form of heart disease and is the leading 
cause of death after 50 years of age. The cluneal inaiufcsutions 
aie necessarily Naricd because of the extent and distribution of the 
insunicicncy of the coronary ctrculatioii and uhether this is pioduced 
by gradual or abrupt closure of one or more of the main branches of 
the coronary arteries. The frequent association wiih iinoKemcnt of the 
artciics elsctvhcrc may further complicate the picture 

Anatomy: In the discussion of tlie an.iiomy of the coronary arteries, 
only those features tvill be considered uhicb arc regarded as essential 
to the above objective. The reader is thus referred to the works of 
Gioss.i S|xiJtehoJ7,:2 Campbell.^ and WJntien^ for a more detaiJcil 
discussion of the subject. 

The blood supply to the heart is piuvided by two arteiics Tin 
light coionary ami the left coronary. 

The rigiii coronary artery arises from the anterior sums of Vakilva 
It pioccccls to tlic right and follows the groove between titc right auricle 
and right vcntiiclc to the |x>stcrioi aspect of the heart, usually extemi 
mg beyond the interventricular septum and tciminnting m descending 
branches to the mesial posterior wall of the left veuiriclc. Descending 
branches arc given olF to the nntenm. Iileial, ami |K>stcrior walls of 
the light veiuiicle, and to a jKistcrior segment of the mtcrvemriciilar 
septum, in addition to those which may extend to the |Histcrior wall of 
tlic left ventricle. Imjxiriant branches go 10 the amities, which vvill hr 
mentioned later in connection vsitli the blmKl supply to the coiiJiKtion 

(337) 
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system This artery is Uien responsible for tlie major portion of tlie 
blood supply to the right \entncle, a posterior section of tlie inter 
ventricular septum, and frequently to an area of varying extent of the 
posterior wall of the left ventricle adjoining die interventricular septum 
It also contributes to a very significant extent to the arterial supply of 
the auricles, particularly die right, and to die conduction system 

The left coronary artery arises from the left anterior sinus of 
Valsalva It passes downward and to the left, behind the root of the 
pulmonary artery, and soon divides into two main branches, die circum 
flex and the anterior descending branch 

The anterior descending branch proceeds downward along die 
antenoi aspect of the intcrventricuhr septum around tlie apex and 
lertnmates in twigs which are iii close proximity to the terminal rami 
fication of the descending iiitervcmncular branch from the right coronary 
artery or from circumflex bianch of left coronary artery This artery 
gives oif lateral branches to the anterior and apical icgion of the left 
ventricle and to a small adjoining section of the right ventricle In nddi 
tion, numerous bianciies penetrate the intervcntncular septum, almost 
at a Tight angle 

The ciicumflex branch of the left coronaiy artery follows the groove 
between die left auricle and ventricle to the postenoi aspect of the 
left ventricle, wheie u terminates in descending brandies In some 
instances, it may continue even beyond the interventricular septum 
posteriorly During the course of tins artery, blanches arc given off 
to die auricles and to the anterior lateral and posterior wall of die 
left ventricle The left coronary ariery, ihiough its two mam branches, 
is, therefore, responsible for the arterial supply to the greater jiortion 
of the interventricular septum to a small area oE the right ventricle 
adjoining die apex and to the left ventricle exccjit possibly for a section 
of the posterior wall menlioiicd m connection with the right coronary 
artery It will thus be seen Uiat while die right coronary artery com 
monly crosses die iiuervcniricular septum posteriorly and takes m a 
section of the left ventricle, the left coronary artery, through ilie anterior 
descending branch, exicntls over on the anterior wall of the right 
ventricle 

1 Couduclton System The sinus node is supplied by the ramus 
ostei cavae superior which is ordinarily one of the early branches of 
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die right coroini') arier) but t\hich may ongunte from the circumllex 
branch of the left coronary artery The above artery anastonioscv freely 
with posieiior auricular branches from both the right and left coronary 
irtenes Tlic uiriculo ventricular node and die bundle of Ifis Inve a 
special blood supply tluough the rami septi fibrosi arising fiom the 
right coronary artery near the jvostctior intcrveiunciilar septum The 
rami septi libiosi likewise have free anastomosis 

The right hmb of bundle apparently his a fairly dcfmuc blood supplv 
through the early septa! branches of the left coronary artery The left 
limb IS diffeicnt in that it soon divides and spreads out under the 
endocardium of the left side of the interventricular septum and prob 
ably receives blood from i number of the numerous septal branrljcs 

2 Atiasfoviosis The anistomosis between adjacent arteries in the 
normal heart apparently occurs for the most pan liy means of smaller 
branches or perhaps may exist only in the potential state until there is 
need for it With the gradual closure of one or more of the mun 
branches however there fieqiicntly develops free cominunication between 
tiiese arteries and those iii the immediate vicinity Under these circum 
stances the subsequent obstruction by tlirombus may result in very little 
degenerative changes in the myocardium Thus u would seem th it the 
rate of occlusion deicnmues in a large measme the extent of the collateral 
circulation and the latter m turn is rcsjvonsible foi the fact that the heart 
IS not infrequently able to witbstaiul one or niorc major insults to the 
circulation Under adverse ciiccimstanccs the blood supply to the myf 
cardium may be enhanced by other means Wcirn and his associates 
have shown that the thebesian vessels may be a significant factor Finallv 
Beck and Ticky c and Robertson ■* have demonstiaicd tint in the pres 
dice of pericardial adhesion vessels from contiguous stuiciures may 
extend to tiie Jicait 

Pathology Arteriosclerosis of the coronary aricrics is invariably 
associued wnli similai chingcs elsewhere and is frequently a jiirt of a 
general involvement of the aricinl system The aiicnal clnn^,es aic apt 
to be moie advanced in certain oii,ans as in the heart hiain and kidncvs 
There likewise are varying degrees of aoriic sclerosis Not infrequently 
however the alteiaiions in the coionary arteries are moie adv meed thin 
those seen m the aorta In syphilis on tlic other hand the daiingt to 
the aorta is the outstanding feature md rarely arc the eoronary arteries 
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iiuohed except by an encroacltment on tlie ostia through an extension 
of tile aortic process. 

Minor clianges in coronary arteries are rarely responsible for a 
significant impairment in the cardiac function unless by chance there 
is a coronary occlusion. The sclerosis of the coronary arteries, on lire 
other hand, is more apt to be out of proportion to the clinical mani- 
festations. Pathologists hate fietjuently commented on iliis discrep- 
anc)'. Kretz.s in his study of 106 cases, found no parallel between die 
clinical history and the anatomic finding. In 6 of the 16 cases with 
advanced sclerosis and narrowing of the lumen of die arteries, there was 
no mention of clinical symptoms during life. Only four had definite 
evidence of cardiac failure. Morawitz and Hochrein^ have recently 
studied the autopsy findings in 91 cases of coronary sclerosis. In 75 
per cent of these there were no subjective s>mptoms of cardiac disease. 

In the more advanced forms of arteriosclerosis, nodular thickenings 
of the iniima project into the lumen and produce v'arying degrees of 
occlusion. A complete occlusion fTcqtienily results through a gradual 
eMeiisioii of the process or from a dirombus. Certain of the smaller 
branches are likewise eliminated. This particular feature is demonstrated 
in a striking fashion by injected specimens, in which certain of the small 
blanches have the appearance of being nipped at die point where they 
leave the |)arem vessel. 

It is generally recognized that the arteriosclerosis is usually more 
advanced in the anterior descending branch of the left coronary artery. 
Tliis no doubt accounts for the frequent occlusion of this vessel. 
Whiiten-l has called attention to a similar involvement of the terminal 
descending branches of the right and of the circumflex branch of the 
left coronary arter) and states dial occlusion of these vessels frequently 
occurs and is often overlooked. This author comments on an interest- 
ing anatomic feature of the above vessels which he believes may con- 
tribute to the development of die arteriosclerosis. He points out tliat 
the blanches of diese .arteries inimethaicly j^enetraic the caidiac muscu- 
lature at almost a right angle, and suggested that dte immobilization pro- 
duced by the metliod of branching promotes torUiosity, and possiblv 
leads to a kinking or constricung of the lumen. 

Tlie clianges in the m)ocardium range from the small areas of 
fibiosis resulting from the elimination of smaller arterial twigs, which 
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may be detected only by die microscope to the extcmi\e fibrosis and 
necrosis induced by the occlusion of a larger artery In the latter, the 
extent of the damage depends on the degree of anastomosis and asheiher 
or not the occlusion is sudden or gradual The resjxmse of die heart 
to a coronary accident is thus determined in a large measure by die 
extent and die opportunity for the further development of die collateral 
circulation If a vessel is gradually occluded and the neighboring artery 
which contributes to die blood supply of diis section of the cardiac 
musculature is not involved conditions are most favorable to the further 
development of die collateral circulation Under diese circumstances 
more and more of die arterial supply to the particular section of cardiac 
musculature is taken over by the second vessel and the complete occlusion 
of the fust even though abrupt may be followed by a surprisingly 
satisfactory recovery or jiossibly may not be suspected during life 
The changes m the caidiac musculature ate confined for the most pin 
to the left ventncle In (he earlier stages diesc may be represented by 
small isolated areas of fibrosis resulting from die obstruction of the 
small branches and perhaps supplemented by the gradual reduction in 
the lumen of certain of tlie larger vessels With the extension of the 
arteriosclerotic process a diffuse fibrosis may be produced This is usu 
ally associated with extensive sclerosis and stenosis of the coronary 
arteries widi or without occlusion of one or more of the larger vessels 
In many insLances the cluef lesion is represented by a large area of 
fibiosis from die occlusion of one of the main branches of die coronarv 
arteries The most common and characteristic of das type of lesion 
icsulis from die closure of (he anterior descending branch of the left 
coronary artery It involves the anterior apical w'all of the left ventricle 
the lower anterior section of the intcrveiilricular septum and occasion 
ally to a limited extent the apical jxirtion of the right ventricle Infarc 
(ions of the lateral portion of ihc left ventricle are usually caused by the 
occlusion of the circuuiflexed branch of die left coronary artery whereas 
lesions of the posterior wall generallv follow the obstruction of die right 
coioiiary artery The infarctions of the lateral and posterior walls of die 
left ventricle are commonly represented by a more patchy fibrosis than 
that observed with this type of lesion of the anterior vsall Tlit dinn„c 
to the endocardium frequently leads lo the formation of mural thiombi 
often involving both ventricles Extensive dcgencniion of the mvo 
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cardium may result in rupture and cardiac compression from Iiemor 
rhage into die pericardium or later in the formation of an aneurysm 
of the left ventricle. The latter more often involves the anterior and 
apical region of the left ventricle. If the infarct extends to the epi- 
cardium, a localized area of pericarditis is produced, nidi the resulting 
formation of adhesions. 

In coronary artery sclerosis, the changes in the papillary muscles and 
the mitral valve structures are an important feature. In the series of 
necropsies studied by ^Vilhiis and Broun,l« the mitral v.iKes ucic 
damaged in 44 (51 per cent) of the 86 coses. The papillary muscles are 
commonly involved by the occlusion of either of the main branches of 
the left coronary artery and in rare instances the d.image is so extensive 
dial one breaks. The clianges in die above stnicturcs contribute to the 
alteration of die first sound at the apex and the production of the 
systolic murmur frequently heard in tins location. 

In addition to die above clianges in die myocardium, there are 
usually varying degrees of cardiac hypertrophy. There, houever, is no 
definite relationship between die extent of the cardiac bypertrophy and 
the degree of coronary sclerosis. An advanced sclerosis of die coronary 
arteries ts not infrequently seen m a normal sited Iicatt. In the most 
extensive cardiac hypertrophy, on the other h.md, the larger coronary 
arteries at least may not show significant changes. The latter character- 
istic IS frequently observed m die hypcricnsion form of heart disease, 
particularly after the onset of cardiac failure. 

Symptoms; It is well to bear in mind that the cardiac disability in 
coronary artery disease is primarily dependent on an inadequate cirai* 
Jation. Thus, die clinical nianifesiaiions arc cMrcmcly varied, depending 
cm tNW.vv. avvd dvsAvlWU'M. ot the vwyiffi^utat filood supply tn the 
myocardium and whether this is produced or supplemented by die 
gradual or sudden closure of one or more of die larger vessels. The 
chincal course may be further nifliicnccd by a h>|>ericiision or the 
development of symptoms from an arteriosclerosis involving other organs. 
The onset, Uterefore, may be very instdioiu or extremely abrupt, as in 
coronary occlusion. In certain instances, sudden death is the first intinia 
non of die disease, where.as others may live for yc.ars after die appearance 
of the first symptom. Occasiomilly, the onset is oversh.idoucd or pci- 
haps masked by manifestations directing altcmion to some odier org.in 
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The appearance of premature contiactions or the occurrence of par- 
oxysms of auricular fibrillation, t\hich later become permanently estab 
hshed, nuy be the first indication of an unpaired cardiac function 
In many, hot\ever, the first symptom is tliat of shortness of breath or the 
consaousness of a subsiern il discomfoit on exertion The frequent associa 
lion of the latter nitli upper abdominal discomfort often convinces 
tJie patient tint he has a gastric distutbance Oftentimes coronary 
occlusion IS the first etidence of a cardiac disability In some of the latter 
the initial manifestation is that of interne dyspnea The onset may 
follow an acute uppei respiratory infection complicated by a bronchitis 
which persists longer than usual Fretjuemly, the onset is precipitated by 
oxerexertion or some unusual departure from the ordinai-y habits of 
luing The tendency of individuals above 55 years of age to over 
estimate their physical ability is often responsible foi irreparable cardiac 
damage 

The study of Tuzliugh and Haunlionii is of pariicuiii iiueiest in 
this connection and has a significant bearing on the general management 
of coronary artery disease Tfiese obscia-eis succeeded in obtaining sjif 
ficient detailed records in 100 coses of angnn pectoris or coronary 
occlusion to permit a ratlier careful study of the events preceding tlie 
fatal attack They found that m a very high percentage of their cases 
there was a history of unusual physical exertion, prolonged activitv 
resulting in excessive fatigue, persistence m activities that had repeatedly 
precipitated the angina, emotional strain, loss of sleep, dietary mdis 
cretion, acute infections, or alcoholic excess The demonstration by 
Leary53 that coronary occlusion conmionly results from tlie ruptine of 
in atheromatous abscess pi ov ides a plausible explanation for tlie frequent 
occuireiice of this condition following factors which place an extra 
stiain on tlie cardiovascular system 

The commonest clinical pictme is that of the congestive type of 
caidiac failure with tlie subsequent development of peripheral edema 
In many of these tliere is at no ume significant cardiac pain In some, a 
history of angina may be obtained This feature, liowever, is often over 
shadowed by the shortness of breath and not elicited except by direct 
question There is another gioup in wluch tlie picture is that of angina 
pectoris In the beginning, there miy be no appreciable shoitncss of 
breath Later, however, during the height of the distress, it frequently 
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becomes more prominent In some die picture is teimmaied by an attack 
of angina pectoris or coronary occlusion Others pass into congestive 
failure either through a gradual pri^ession of the cardiac disability or 
possibly because of a coronary occlusion and the angina may disappcai 
Finally there is a fairly large group in which the clinical picture is tint 
of coronary occlusion 

In a senes of 86 neciopsies studied by Willius and Brown lo 21 (24 
I cr cent) had angina pectoris widioiit oUicr symptoms of cardiac failure 
This group had extensive sclerosis of the coronary arteries and m i^ 
(66 per cent) there was pronounced occlusion of die vessels In 22 
il the 86 the clinical picture was tint of progressive mjocardial failme 
without pain The extent of the sclerosis of die coronary arteries in this 
group was not as marked as in diose with angina pectoris and only five 
had a significant reduction m the lumen of the vessels In the remain 
34 (40 symptoms were not suflicient to make a 

diagnosis of coronary artery disease The scleiosis of the coronary arteries 
in the latter group was still less than that observed m die former These 
findings arc in general accoid with the observation of Naihansonis on 
die autopsy finding of 115 fatal cases of coronary artery sclerosis In 80 
per cent attacks of angina pectoris or less often acute respiratory dis 
tress were the outstanding chiiicaf niaiitfesuations while m the remain 
iiig 20 per cent the symptoms were those of a progressive cardiac failure 
without pain The sclerotic changes were advanced in all instances but 
the incidence of occlusion was highest in those who liad angina jiecions 

In a series of 120 cases analyzed by Smidi Rathe and Paul u the 
initial symptoms were recorded as follows Shortness of breath m 189 
(45 cent) paroxysmal dyspnea iii 35 (8 3 per cent) severe anginal 
pain indicative of coronary occlusion 111 91 ('>1 7 per cent) angina 
pectoris in 87 (183 per cent) and pam in the chest or epigastrium 
of an indefinite nature m 28 (6 6 per cent) Pam and dyspnea were 
frequently combined lo a varying e\tciu m those widi coronary occlusion 
In these cases the dominant symptom was listed as the initial complaint 
The subsequent developments were quite simtlar 111 the various groups 
varying only in the incidence of the above manifestations In the vast 
majority furdicr progress of the cardiac disability was evidenced by 
either angina of effort attacks of severe anginal pain (typical of coronary 
occlusion) paroxysmal dyspnea or combinations of these When 
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adnutted Lo ihe hospital, iijg (17.6 per cent) had congestive failure, 
102 (21.3 per cent) angina of clfott, and 62 (ii.7 per cent) a recent 
coronary occlusion. According to Uie clinical interpretation, 311 (7J 
per cent) had had an occlusion of one of the largei vessels. Of these it 
uas concluded that tliere were 103 (25 pei cent) in which more than 
one of ilie larger branches had been obstructed. 

Eighty-five of tliis series of paticnu died while in the hospital and 
44 came to necropsy. In Uiose coining to necropsy there was in every 
instance a disseminated fibrosis from tlic occlusion of tlic smaller 
blanches. The clinical study justified the diagnosis of an occlusion of 
one or more of the larger brandies in 26 insumces, whereas at nccropsv 
iliis condition w'as found in 28 cases. In the two in which the diagnosis 
uas not made before death, the onset was witJi paroxysmal dyspnea 

The physical findings are extremely variable. There is frequently a 
hypertension 01 die history of an elevated blood pressme. In tliosc with 
hypertension, there is invariably a significant increase in the size of the 
heart This is more apt to be a prominent feature in tJiosc with con 
gestive failure. In many of dicsc, a liypericnsioii has no doubt been 
a very important factor. Various forms of cardiac irregularities, par 
ricularly premature cotitractions and auricular fibrillation, are common 
findings. While auricular fibrillation is rarely associated vuth angm.i 
pectoris, it is frequently responsible for the onset of the congestive 
type of failure Auricular (luiter ami Iicart block (Adams Stokes attacks) 
are occasionally obscived A mufllingof Uie first sound at the apex, gallop 
rhythm, and pcihaps a faint systolic apical murmur may be die outstand 
ing aiisculutory findings. The first sound is occasionally accentuated or 
slightly rough At other limes there h a vsell-devclopeil systohe mwimur 
at the apex, which nuy be soft, blowing, harsh, or even musical m 
charactei. If auriculai fibrillation is present, die first sound at the apc\ 
vanes in intensity, and when the rate is jiarticularly rapid, it is apt 10 
be choppy. The associated systolic murmur likewise varies in intcnsiiv 
fiom cycle to cycle. The aortic second sound is usually accciuuatcil 
and occasionally slightly cmphoric. Thcic is often a faint systolic mur 
miir which is transmitted to the vessels of the neck. This murmur is 
seldom rough except when there is calcification of the aortic vahes 
Occasionally a faint di-astolic murmur is heard. However, if there is a 
significant aortic insufriciency it is usually syphiliiic or rheumatic in 
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origin In uncomplicated arteriosclerosis it is rarely possible to demon 
strate much increase in the size of the aorLi except as manifested 
an extension upuard Under the latter circumstance an impulse may be 
transmitted to the palpating finger iii the supeisternal notch 

During the early course of angina pectoris there may be no sig 
luficant cardiac findings The diagnosis thus may be solely dependctii on 
the clinical hisloi~y and the deinonsliatton of arteriosclerosis elsewhere 
The kidneys are rarely spared m tlie arteriosclerotic process The 
uiine hequently shows a trace of albumin and on microscopic exainma 
tion hyaline and occasionally granular casu are seen In some the renal 
damage may be more extensive and occasionally a renal insufficiency is 
discovered Bell and Clausoni-t place the incidence of renal insufficiency 
at approximately ten per cent in those with liypeitension Caidiac and 
lenal failure may appear about tlie same time Either may occasionally 
precipitate the otlier In men the jiossibihty of a bladdei retention from 
an enlarged prostate should always be considered The incidence of 
diabetes mellitus is mudi lughei than that of renal insufficiency The 
changes in Uie peiipheial arteries may be extensive but often not com 
parable to tiiose of die cerebral and coronary arteries 

Examination of the fundi is essential to a careful suivey of the vascular 
system The fitiduigs xn die retinal vessels indicate m general the 
extent of the cerebral artenosclerosis and are representative of the 
changes in the smaller irteries elsewhere 

Electrocardiographic Findings TIic elecirocaidiograph has been 
one of the faciois responsible for the widespread interest in arterio 
sclerotic heart disease and has contributed in a very significant manner 
to a raoie comprehensive undc»standing of the subject In some instances 
it IS true the electrocardiographic findings are not of importance m 
others they corroborate die clinical impression obLiined by other means 
Finally however diere is a group m which they broaden to a con 
siderable extent our conception of die condition and thus have a decided 
bearing on the prognosis 

The changes in the ventricular complexes as might be expected ait 
the most important electrocardiographic signs m artcnoscleroiic heart 
disease In general an enlarged left ventricle is associated with a left 
axis deviation This is more commonly seen in the advanced form ui 
which hypertension is of considerable duration Tlie T deficcuon is 
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frequently altered m tins t)pe of cune paiticularl) if theie is some 
increase in the durauon of the QRS group being a negative pl)ase 
in Lead 1 and occasionally in Lead II !•» \ negative T deflection in 
Leads I and II is generally regarded as indicating significant myocardial 
damage lo Tins finding excluding tlie altention induced by digmhs 
IS of greater importance when not associated with a preponderince 
curve -V sharp negative T-deflection in the absence of a broadening of 
the QRS group nith perhaps alteration in the R T or S T interval or i 
Q wave should suggest the possibility of a coronary accident J This 
diagnosis is almost certain panicuhrly in the presence of history of 
pain or if there is a piogiessive change in the electrocardiogram 

Prolongation of the QRS group as in bundle branch block and 
arborization block U is occasionally encountered These turves pir 
ticularly the latter are usually associated with advanced coronary anerv 
disease and with extensive replacement of tjte myocardium by fibrous 
tissue Various observers have unanimously agreed thu thev usually 
warrant an unfavorable prognosis 

Minor changes m the Q R-S group arc of less importance These arc 
occasionally seen in Lead III of the electrocardiogram of tlie noniial 
individual If hov^ever they occur in all leads and particularly if 
sluiring appears near the peak of the most prominent wave they arc 
regarded as indicating an interruption in the spread of the excitation 
wave within the ventiiclc which ordinarily results from coronary artery 
disease 

Diagnosis Coronary artery disease even in the advanced form may 
not be recognized because of the absence of clinical manifestations In 
odiers the symptoms may be indefinite and difficult to connect with 
the heart The clinical history is by all odds the most important means 
of determining the functional efficiency of the heart and may permit a 
diagnosis as in angina jiecioris or even in coronary occlusion in the 
absence of definite physical findings The jiossibihty of roionary artery 
disease should be kept in mind in every individual in the aitcriosclcroiic 
age Morever die incidence is highei than gencially believed m die 
fouith decade \n upjier abdominal discotnfoit may Ije cardiac in origin 
An indefinite chest pain may mean angina pectoris V persistent 
bronchitis or an asthmatic like attack often represents a hcgiimmg failure 
of the left veiuticle The appearance of a paroxysm of auiicular fibrilJi 
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coil and certainly the onset of a permanent fibrillation, may be Uie first 
manifestation of an impaiied caidiac function A careful estimation of 
the condition of the cardiovascular renal system is an outstanding obliga 
uon of tlie physician to cscry indiaidual of tlie artioscleroiic age \sho 
seeks medical advice regardless of the apparent nature of the illness 
The liistory of an elevated blood pressure or the presence of a hyperten 
Sion should at once arouse suspicion of significant arterial changes In 
some the cardiac findings seem unimportant or may even be overlooked 
unless attention is focused on the heart by the history Muffling of the 
first sound at the apex and a gallop rhythm arc occasionally the only 
findings that attract tlie attention of the examiner A combination of 
these findings houever always means a serious impairment of the cardiac 
function In tlie doubtful cases the electrocaidiogram is not infrequently 
the deciding factor in the diagnosis This question is furtlier discussed in 
connection with angina pectoris and coronary occlusion 

Prognosis The prognosis of a patient with coronary artciy disease 
IS dependent not only on the caidiac condition but on die associate dam 
age of the arteries elsewhere especially those of the brain and kidneys 
and whether or not there is a hypertension There is always a possibility 
that the condition may be terminated by a cerebral accident or renal 
msulBciency In patients with diabetes the picture is sull further 
complicated 

The efficiency of the heart is to a certain extent determined by ilic 
size If the size is extremely large the reserve capacity is certain to be 
\ery limited In cardiac failure there is always a question as to how much 
may be expected from treatment The lestoration of the cardiac function 
furthermore becomes progiessivcly more difficult with each successive 
failure and the extent to which the function mav be restored is gradually 
reduced 

The prognosis of angina pectoris and coronary occlusion will be con 
Sidered m the subsequent discussion of tliesc syndromes 

Treatment Tlie arteriosclerotic form of heart disease except in 
those who seek medical advice because of a hypertension is seldom rccog 
nized until the onset of symptoms which arc usually indicative of begin 
ning cardiac failure The treatment in the early stage is rarely difficult 
Restriction in the pliysieal iciivities and the administration of digiuhs 
are ordinarily sufficient to lestoie iJic cardiac function Dming this sta„c 
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It xs frequently possible to curtail the progression of the disease ihiougli 
a comprehensive survey of the cardiovascular system and of die vanous 
fictors which may be contiibuung to the cardiac disabdity Infection 
should be eliminated when there is justifiable reason to belieie that it 
may be infiuencmg the generil liedth provided the risk and sacrifice to 
the patient are not too great 

The regulation of the diet m those who iie inclined to oveieat ind 
the gradual reduction in the weight of the obese lepresent possible means 
of reducing die work of the heart and jierhips concrolhiig a hypertension 
The habits of living in general should be carefully studied and regulated 
as fir as possible to fit the disability of the patient TJie protection against 
upper respiratory infection rest relaxation and sleep have a decided 
influence on the course of the disease In some it may be necessary to 
adimnistera simple sedative to promote the proper relaxation and induce 
regular sleep If there is an auricular fibrillation the continued or inter 
nuttent use of digitalis may be indicated to control the cardiac rate The 
excessive rate of an auricithr fibrillation is often an important factor in 
promoting the return of the caidiac failure Occasionally during the 
early stages it may be possible to abolish the absolute irregularity for 
periods of varying intervals by the administration of quinidine sulfate 
If there is conspicuous enlargement of the heart however the use of 
quinidine is rarely justified 

The tlieophylline and tlieobiomiiie preparations because of tlieir 
dilating action on the coronaiy arteries®* may be employed to a better 
advantage at this stage These drugs have been condemned by some 
because of tlieir failme in certain instances of angina pectoris It should 
be boine m mind however tliat this disorder with few exceptions is 
ordinanly associated witli the more advanced sclerosis of the coronary 
arteries and under these circumstances it is hardly possible for any 
medication of this nature to have a uniformly £av orable action Obv lously 
there are greater possibilities in those with less extensive deficiencies of 
the coronary circulation and this is in accord with clinical experience 

The treatment of the more advanced fonns of cardiac failure is more 
difficult and often demands a far more ngid regime Success again 
depends on a cleat conception of the condition and the factors coiunbiit 
mg to the cardiac failure The most satisfactory results are obtained by 
combining all the available means whiJi iiiiy promote the restoration of 
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die cardiac function Seldom are the conditions the same in any iivo 
patients and thus the measure employed must vary ivith the individual 
possibilities 

1 Rest Relaxation and Sleep The reduction in die cardnc load is 
one of die fundamental objectives in the treatment Rest relaxation and 
sleep are indispensable to this objective It therefore is essential that 
the patient with advanced cardiac failuie be confined to bed at as nearly 
absolute rest as possible Thus it is impoitam that the bed be comfortable 
and easily adjusted so diat the head may be elevated to the desired level 
The patient should be spared all unnecessary effort m die tahing of food 
and liquids and the use of the bed pan by careful nursing 

Sleep IS by all odds die most imporunt means of resting the heart 
therefore it should be induced if necessary by morphine or codeine 
Morphine because of its favorable action under diese circumstances is 
one of the most valuable drugs in the treatment of advanced cardiac fad 
tire It should be given in sulficieiu amounts to produce sound sleep 
and in those in whom it is possible to restore tlie cardiac function it is 
seldom necessary to continue die administration for more than two or 
direc nights In die meantime a simple sedative as phenobarbilal 
0 32 Gm (}/, gram) may be prescribed after meals and at bedtime Tins 
promotes relaxation and after a few days will enable the patient to sleep 
diroughout die night and even some during the day Under these circum 
stances a certain amount of sleep should be encouraged during the clay 

There are frequently otiicr means of leducing the cardnc load as the 
temporary reduction of the blood pressure 111 hypertension venesectim 
and the removal of excess fluid from serous civities In those with execs 
sive hypertension the admimsiiation of nitroglycerin 06 mg (l/ioo 
gram) under the longue every two hours or even oftener may produce a 
striking influence on die breathing and in turn promotes relaxation and 
sleep The effect on the heart is twofold dirough the reduction of the 
load and the dilating action on the coronary arteries 

In the plethoric cyanotic individuals particularly those with a hyper 
tension the removal of 500 cc of blood from a vein of die arm is often 
followed by an immediate improvement in the condition If the pen 
toneal cavity contains a large quantity of lliud an abdominal paracentesis 
may be done following the venesection The same holds for excessive 
fluid m the pleural cavity Here however there is a certain risk con 
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nected with the procedure which should be taken into consideration. In 
each of lliese measures, the disturbance of the patient sltouJd be reduced 
to the minimum by the use of a sharp needle, novocain, and possibly a 
preliminary administration of morphine. The benefits derived are often 
striking and may Jia< e a decided influence on the later treatment. 

2. Diet: The diet should be simple and meet the nutritional require- 
ments of the body. The autlior employs a dietcs consisting of 50 Gm. 
(1% ounces) protein, no Gm. (3% ounces) fat, and 220 Gm. 
ounces) of carbohydrates with an energy value of approximately 2100 
calories. It is served in the form of milk, cieam, butter, eggs, pureed 
vegetables and fruit, cooked cereal, and fruit juices. The carbohydrates 
are increased by adding various stigars, as dextrimaltose, glucose and 
lactose, frequently supplemented by stick candy. Small feedings are 
given at frequent intervals. In those with edema, the fluid intake is 
restricted to 1500 to 2000 cc. (3 or pints) and tije salt is reduced 
to the minimum. The diet is gradually increased by the addition of 
pm^ed vegetables and fruits, jellies, toast and crackers. In those greatly 
undernourished, it is gradually increased to approximately 3000 calories 
with a proportionate increase in die protein. This diet has the advan- 
tage of being easily assimilated and may be regulated to taste. Personal 
results indicate diat it has a deciding influence on the elimination of the 
excess fluid and the restoration of die cardiac function in advanced 
failure. 

Recently, Master, JalTe and DackC4 have concluded, from the study 
of 28 patients ividi coronaiy occlusion and 14 with angina pectoris, that 
it was possible to reduce the basal mewbolic rate by the use of a low 
caloric diet. This consists of 80 Gm. (2% ounces) carbohydrate, 50 Gm. 
(1% ounces) protein. 30 Gm. (1 ounce) fat, giving energy value of 
approximately 800 calories. These observers believed that this type of 
diet reacted favorably on the caidiov oscular system, resulting in slowing 
of pulse rate, lowering of blood pressure and pulse pressiue, diminution 
of cardiac output and work of the heart. There apparently were uo 
ill effects from die prolonged undernutriiion which, in some instances, 
was maintained for as long as 12 raondis. The gradual resumption of 
more liberal diet often resulted in a rise of die basal metabolic rate. 

The patient with cardiac failure should have a daily bowel movement. 
The diet briefly ouUined, because of its fruit and vegetable content, will 
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frcqneiul) produce one oi more nioxemenu during the 21 hours. Should 
the boucls not nio\c dail), a simple Iaxati\e or pctrolagar is advised. The 
removal of excess fluid by the l>ovvcl is rarely necessary. Furthermore, 
the violent purging incident to this form of treatment is liable to upset 
the function of the gnstiointcstinal tract and, in addition, impose 
unnecessary work on the heart ihiough Uic frequent use of the bedpan. 

3. Digitalu: In the foregoing discussion the various means of reducing 
the cardiac load were Lonsiderctl. The second objective m the treatment 
of cardiac failure concerns the use of drugs that increase the efficiency of 
the heart. Digitalis is, by all means, ihe most important drug of tliis 
group. The benefit derived from this drug is mainly through the direct 
.action on iJie heart muscle and Uic depressing effect on die conduction 
system .05 

In ardiac failure with a regular rhythm, the effect of digitalis is largely 
dciiendcnt on the direct action on the heart muscle which incrCiOscs the 
length of systole and prolongs the refractory period. When there is an 
auricular fibrillation, however, the alxive .action is supplemented by the 
siiecific depressing effect on the conductivity of the auriciilovcntricular 
bundle, which accounts for (he greater reduction in the cardiac rate and 
explains the more favorable therapeutic results. 

The administration of 09 to 1.2 cc. (15 to 20 minims) of a reliable 
tincture, or 0.1 to 0-13 Gm. (it^ to 2 grams) of the powdered leaf, three 
times a cfay, is ordinarily sufficient to produce the desired results. Occa* 
sioiially, it may be necessary to prescribe larger doses. If, however, results 
are not obtained with tligitalis in the above amounts, it has rarely been 
possible for die writer to promote recovery by increasing die dose.TO In 
<^cneral, loo much reliance is placed on digitalis, ami the first objective, 
namely, the reduction in the cardiac load, is neglected. The results of 
the writer indicate dial the hc.ari is more susceptible to the effects of 
digitalis if adequate means arc taken to reduce the cardiac load. 

It is frequently necessary to icdutc die above dose after a few days 
or a week The coiuniucd or jicriodic use of digitalis in small doses is 
often advisable in the aricriosclcrouc fonn of heart disease after recover- 
ing from cardiac failure In those wiUi auricular fibrillation, it is 
extremely important that the cardiac rate be controlled. Ordinarily, 
06 cc. (10 minims) of die uncturc, or 00G5 Gm. (i grain) of the 
powdered leaf, two to three times a day, is sufficient. 
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4 7 heobiomuie and Theophylline Piepaialtons The use of the 
theobromine and theophylline pieparitjom tvere mentioned m the 
discussion of tlie treatment of tlie earlier manifestations of coronary 
artery disease TJiese preparations until lecent years were employed 
only as diuretics They, however have tluough their dilating action on 
the coronary arteries, another very important function and are tims indi 
cated m the treatment of all forms of coronary artery disease The results 
are best in those with congestive failure with extensive edema 71 Under 
Uiese circumstances die heart piofits from the combined action of the 
drug Thus, the i eduction in die cardiac load resulting from the 
diuresis adds to the benefit derived from the increased coronary 
circulation Experimental studies indicate that theophylline ethylene 
diamine and thcocine of the theophylline group have the greatest effect 
on the coronary circulation Thefonner in particular is very extensively 
employed tn the tieatment of arteriosclerotic heart disease It is usually 
prescribed m doses of o i to o 29 Gm {w/, to 4!/^ grams) three times ^ 
day Theocme is more commonly used for m diuretic effect It too 
however may be administered m doses of o 13 to o 2 Gm (2 to 3 grains) 
for weeks without disturbing the function of the gastrointestinal tract 
Theobromine also has its followers and is occasionally employed in the 
alkaloid form More recently tlieobiomine calcium salicylate (theocalcm) 
has been extensively advertised The dose recommended ranges fiom 
05 to o 65 Gm (7!/^ to JO grains) , tlirec times a day It is believed that 
the administration of these preparations should be continued for weeks 
or even months in order to derive the maximum benefit 

5 Mercurial Diuielics Salyrgan is frequently employed because of its 
profound diuretic effect However it is more or less toxic to the renal 
parencliyraa and the urine must be watched for granular casts and 
erythrocytes Albumin alone is not a contraindication It is admimsteied 
either intramuscularly or intravenously in 1 to i 5 cc (16 to 24 mimms) 
doses and repeated at two to three day intervals A smaller dose is fre 
quently effective The diuretic effect is more certain and striking when 
the drug is combined with tlie administration of ammonium chloride 
or ammonium nitrate in doses of 1 3 to 4 Gm (zo to Co grains) three 
times a day 

6 Total Thyroidectomy In 1933 Blumgart Levine and BcrlmtiO 
proposed total thyioidectoniy m die treatment of advanced cardiac failure 
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Blumgarto" and Levine/ 8 nnd their associates have since reported furdier 
experience tvitli tins procedure and recorded fatorable results In a 
more recent revierv by Blumgart 09 he concludes the operation can be per 
formed in pioperly selected cases rvith little risk nnd that nnny montJis 
of incrensed comfort and actitii) can be added to life He points out that 
certain aspects of the jiioblem still require further study viz to what 
extent is the life expectancy of the patient prolonged by the operation 
and should patients be opeiated on earlier in the downward clinical 
course? However during the past feu jeais tins method of treatment 
has seldom been employed 

Acute Left Venlnculoi Faiime, P/iiovysmal Dyspnea, Cardiac Asthma 
This IS a common clinical manifestation in coionary artery disease and in 
the more severe form demands prompt and energetic treatment Mor 
plune sulfate ij mg {i/^ oiam) adminisiered subcutaneously :s perhaps 
the most effective remedy It should be given at once and repeated if 
necessary Tlicophyllinc ethylenediaininc when used intravenously prob 
ably ranks next to morphine in effectiveness in the treatment of this con 
dition In the piacticc of the vvriter 048 Gm m 50 to 100 cc of 50 per 
cent dextrose solution is injected very slowly into the vein This is very 
useful both in pieienting and abolishing attacks and in certain instances 
has been a lifesaving measure Improvement is usually apparent shortly 
after the injccuon is instituted Digitalis is indicated providing the indi 
vidual has not already received a sufficient amount A preparation for 
intravenous use may be added to the ilicophylline eihylcnediamine and 
the dextrose solution Venesection is advisable particularly in the 
plethoric type of individual The rapid vviUidiawal of 500 cc of blood 
at once reduces the venous return to the right hcait and iheieby decreases 
the pulmonary congestion If tlie attack continues after one or more of 
these measures has been employed the administration of oxygen should 
be instituted by nasal catheter if a lent is not available It is well to bear 
m mind that one should never rely on one remedy alone but combine as 
many as circumstances justify The subsequent tieatment is die same as 
that outlined for advanced cardiac failure If the acute left ventnculai 
failure is the first expression of the caidiac disability coronary occlusion 
is generally responsible Because of die pulmonary congestion salyrgan 
IS a valuable lemedy even m the absence of penplieial edema It is 
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mij>omnt that the siaie of ilie lungs be checked from tune to lime nid 
if the congesuon returns the use of salyrgan tepeued 

7 After heatme/U This is an iinporniu factor in the subsequent 
course of the cardiic disability The lettirn of the syuiploms may be 
delayed for a few weeks or on Uie other hind may be postponed for 
tnoiitlis or possibly years The rcstorition of the heart to the nnximum 
efficiency is tlie nltinnte aim This entails a prolonged jicriod of lest 
combined with a gndinl lelnbiJiuuion of ilie taiilnc muscle lad fiinlly 
the remoial or control of ill possible fictois which may be contributing 
to the caidiac disability ns outlined in the discussion of the trcntmcni 
of the early manifestntion of coronaiy artciy disease 

The exercise should be increased \ery gradually and ncvci to the point 
of shortness of bicnth If the patient a\oids becoming winded he may be 
ceitain tliac he is not placing an excess load on the heart It is well that 
he understands in the beginning tint he h is a ]>crnnnent di&ibiluy uithni 
the limits of which he must hvc to a\oid (urthci trouble 

ANGINA PECTORIS 

Angina pccioiis is one of the most eJnnetensne manilcstatJons of 
(oronary aitery disease Arteriosclerosis of the coronary aricncs which is 
usually exiensite and associated with paunl or c\en complete obstruction 
of certain \cssels is the common patliological finding In the instances in 
which this pioccss is confiiicd for tlic most part to the lorta such as in 
syjihilitie aortitis tlicic is frctynciuiy cnciojchmcnt on nr an occlusion 
of the opening of one or both coioiiaiy artciics Keefer and I<csmrk-<i 
m a iciiew’ of the mcclnnism of angina |xctoiis tonsidcied in det nl the 
pathology assori ited with tins condition They collected a senes of j80 
cases from the literature and uldcd n of ihtir own Sclerosis of the 
coronary aitencs was dcinonstraiLd m j8i of the total 399 cases These 
authors pointed out that aoitic insunicicuey was the prcdoinm iimg lesion 
m the instances of angina not associated with coionary aittrv disease 
and in a aast majority of these the nht leakage wassccoiulai-y to syphihtic 
loriuis The aboie findings ire in genenJ arcoid wjiJi ihose of other 
obsersers Hxccpuous arc encountcicd in literature but one caimoi 
alw lys be certain regauhng the dnt,nosis or the care with winch the 
Coionary arteries were examined 

Mechanism Flic mcclnmsm of angina jxeioiis has been discussed 
cxtciisiNcly and many explanations adsanced Uie most faiorcd being 
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aortitis, coromry artery disease, fatigue of die iiijocardium, and anoxemia 
of the cardiac musculature It is appircnt that the latter tuo are closely 
related and all, tvith the possible exception of the first, are fundamentally 
dependent on an inadequate coronary circulation The fact that the 
occlusion of a coionary aitei’y is followed by pain indistinguishable from 
tliat of angina pectoris except perhaps from the standpoint of intensity 
and tliat the basic pathology in the two conditions is ordinarily identical 
indicates that ilie niccbaiusm is simiiar This conception is further sup- 
ported by die experimental studies of Sutton and Lueth -- in a\hich pain 
was induced in a dog b> the constriction of tlie lumen of a coronary 
artery Moreoier, Fed and Siegel,32 Wood and \Volferth,23 and odiers 
ha\e obsened temporary changes m the electrocardiogram during attacks 
of angina similar to diose of coronary occlusion 

The blood supply to the \anou$ sections of die myocardium under 
normal conditions is undoubtedly ample to meet the needs even during 
periods of stress If this is diminished to a certain area the efficiency of 
that section is reduced Thus, this area of die myocardium may be over 
taxed by a load diat is ucll widtin the functional capacity of the remain 
itig cardiac musculature While it is uell known that the occlusion of a 
coronary artery may produce severe pam it is conceivable diat a less 
extensive disturbance of tlie blood supply to the same area of the inyo 
caiduim may, during periods of exertion cause distress with die same 
fundamental charactenstics, but less severe, and disappear soon after the 
excessive exertion is discontinued Therefore, it would seem that angina 
pectoris and coronary occlusion differ only in the extent to wliicli the 
Cuucuon of the myocardium is disturbed 

Angina pectoris is occasionally observed in the rheumatic type of 
aortic insufficiency, 20 arteriovenous aneurysra,24 paroxysmal tachy 
cardia25 high grade anemia 26 37 2S hyperdiyaoidism 20 and hypo- 

diyroidism 20 so Upon analyzing tliese conditions it is apparent that 
diere are one or more factors which may reasonably promote the produc 
tion of angina In aortic insufficiency die demands on the heart are 
increased by the valvular leakage Moreover, die cardiac efficiency is 
diminished by the reduction m die diastolic blood pressure Expen 
mental studies have demonstrated Uiat the diastolic blood pressure is one 
of die most important factors in maintaining die coronary circulation si 
If this is diminished there is at once a significant reduction in the coronarv 
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circulaiioit, ocn though the systolic pressure remains constant or is even 
shghti) elevated. In the c\pcnnients b) tlic author the increase in the 
5)SioJic pressure never cojn|x*ns.')icd for iJic dfccis pioduccd b> the 
akcrniion in the diastolic pressure 

It IS gcncrall) known that there is an incieisc in the sue ol the hcirt 
and tint cardiac failure may excur m arteriovenous niiturysni Hie cor 
rcction of this condition l>> ojxraimn has in certain insianccs been fol 
lovvcd by reduction in the sire of the heart even after the development 
of the clinical manifcsuiions of canine failuic Here agnin tiic cliingc 
in the diastolic pressure incident to the development of the aiicriovcnuus 
aneinystn is unquestionably a hictor in the produrnon of ilie cardni 
dis.ibihty 

Studies on the physiology of the coiuntry circulation have ilso inn 
trilniied to the cxplaintion of angiin during piroxysnnl lachycanha *- 
rxpcriujtmaJl) ptorluccd tachycardia is 'isM>cniul with sinking redutimn 
in blood pressure which is in accord with certain clinical obsitvaiions 
rurthcrniuic, the excessive cardiac rate increases the demand on the 
heart In higfi grade incnua the rt*duce<l oxygen-carrying jvower of ifie 
hlood produces the same end tcsult in a dilfcrent manner Ihc hvpi.r 
mci.iholisni in ihyrotoxuosis obviously adds to the vsork of the lu in 
Furthermore, u has been shown dial the heart shares in the generd 
iiureiscd iiienbohc rate These factors .itc present even while at rest 
and certain obscivitions imhcatc tint they are dispro{x)nionally increased 
during excuisc or cxcitcmcm Fatigibihty is an ouisiuuling elnncat 
manircst ition in hy{K)ihyiouhsiu Moreover, changes occur in the myo 
cnidium, ixartiiularly in the more advanced form, winch undoubtediv 
react ailvcrscly on the cardiac clUcitncy 

In the above conditions v.irious faiturs add to the demand on the 
heart or under this organ less cilicieut Consequently, angina is mofc 
easily prccipiLated than under iioriinl circumsiancrs Suite these dis 
oidcrs ate amenable to iieumtiit, u is often jHissiblc to climnnte the 
angini as illustiatcd by the following yxitteiu 

\ man ycais of age omsultetl the venter IxrcatiM. of pain in the 
clicsl ivtcmlmg to tlic left shoulder and ann and piecijiitatrd by esciison 
or tvciUiutnl 1 lies: aiiackv had perusted dopitc a {>cnod of several 
iiionihs' test It iKcaiiiC apjtatctit [urttrularh after a thtaded i.titon 
jiul oinveivation v«iili the {laiicnis wile that this man wav uii ciige and 
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casilj upset There uas no demonstrable increase in the size of the 
lh>ioid gland but furilter study disclosed elevation of the metabolic rate 
A subtotal th>ioJilectomv was advised following which the anginal attacks 
disappeared This patient had no furtiicr trouble until four )cars later 
when he returned to tlie hospital because of nocturnal d)spnea 

In this patient as in the vast majority of those of the miscellaneous 
group under obseivaiion aneriosclerosis is basically responsible for the 
angina Thus the development of these various conditions merely served 
as precipitating factors 

I mall) the state of the autonomic ueivous 5)stem has a significant 
influence on the occun ence and intensity of anginal attacks Other condi 
lions being equal those with overresponse to normal stimuli are more 
susceptible to pain Tins unquestionably is a factor in those wiili 
thyrotoxicosis and in the hypersensitive types of individuals and has an 
important bearing on tlie treatment 

Wuhm recent years the opinion that an madequaie coronary circula 
non IS piinnnly res|>onsibIc for angina pectoris in the vast majority of 
cases has become the prevailing conception Tiie exact mecliamsm by 
which tile pam is produced however is largely a matter of speculation 
Those interested in tins question would profit greatly by tiie reading of 
Lewis acuck 3 * U\ Uvts contvcctvotv tt is well to bear in muad that prior 
to the identification of the syndrome of coronary occlusion the latter was 
included in the description of angina pectoris A survey of the older 
literature on this condition discloses many instances of coronary occlusion 
The book by Sir James "Mackenzie is one of the more recent examples 
The essential unity of these conditions as regards the pathological state 
of the coronary vessels is deserving of |)articular emphasis Angina com 
monly developes folloiving the lecoguized occlusion of one of the larger 
coronary arteries It likewise undoubtedly may follow the closure of 
smaller branches In fact despite the cliaracter of the onset the possi 
bihty of coronary thrombosis sliould be suspected This conception as 
pointed out by Parkinsoii34 is important fiom the standpoint of treat 
ment for if the situation is lecogmzed and tlie proper management is 
instituted it is possible that the angina may be prevented or postponed 
Symptoms The typical form of angina pectoris is generally known 
The clinical manifestations however are variable and may be confused 
with other conditions or even be overlooked In die beginning there 
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may be no more than a mild uneasiness or an indefinite sense o£ discom 
fort in the subsiernal region a history o£ sihich may be elicited only b) 
carefully questioning llie patient While tlie pain is usually regarded as 
being substernal and felt near the lesel of the third nb it may be at a 
higher or lower level In typical coses die pain is transmuted to the left 
shoulder and often down the arm on die ulnar side to the elbow and 
frequently to the fingers Occasionally die distress is transmitted to the 
light shoulder and down the arm In some patients the discomfort is first 
felt in die arm and later if die exciting factor is continued appears in 
the usual location in the chest The pain in some cases may radiate to the 
head and neck and be felt in pharynx jaw mastoid region or the ear 
without ippeanng in the arms or it may in the neck or head and 

later reach the chest The distress is not infrequently over the lower chest 
and upper abdomen and occasionally may be entirely confined to the 
abdomen 

In certain instances pam may be limited to some peripheral point is 
the diroat jaw shoulder or the arm Cases ire recorded in the litera 
tureS in winch special throat eximuiaiions were made because of the 
distress m tins location teeth extracted because of pain in die jaw and 
the shouldei treated for an ardinus The writer Ins recently had under 
observation a patient in whom die pam was confined to the left side of 
die neck and sliouldei Tins patient bad been treated for aithrms of the 
left shoulder The history revelled definite lelation between the pain 
ind effort or other factois vs Inch inci eased die demands on the heart 
Moreover the pain was relieved by nitroglycerin 

Even though the distress may vary m diaractei and have a wide range 
of distribution the type of pam except for the degree of uitensity ind 
die extent of radiation during diffcieiit attacks in the same individual 
IS constant rurtherniore the attacks of pam except perhaps m the veiy 
severe form where diere is always a question of coronary occlusion are 
usually excited by factors which increase the vvork of die heart TJie 
exciting factor may be the added effort of walking or climbing staus or 
It may be die load imposed on the heart by die increase of the blood 
piessure accompanying excitement or again the interfeience with the 
cardiac function from o\ erdistention of die stomach by a full meal or 
possibly the associated accumulauon of gas In some instances the patient 
IS awakened from sleep by pain It is possible that some of these may be 
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induced by iJie increa5e in blood pressure resulting from sleep disturli- 
mces There IS hoi\e\er ilu ays the possibility of coronary occlusion 

Findings The cardiac findings in angina jicctoris are variable or 
limy be entirely negative In those vviili demonstrable siructunl changes 
in the heart the findings are those previously outlined under the general 
discussion of coronary artery disease An xray examinairon and Wasscr 
mann test are indicated in every instance where the possibility of syphilis 
IS suspected 

The electrocardiogram may be helpful m the cases in vshich it is not 
possible to demonstrate structural changes by oilier means In certain 
instances there are no significant alterations in the electrocardiogram 
Some of these however may show clunges in the T wave the RT and 
ST intervals following exercise OUicrs present persistent alicniions 
indistinguishable from tliose observed following coronary occlusion In 
a patient studied by tlic writer in whom there was sonic question regard 
ing the history a conspicuous Q wave m Lead Jil was tlte only finding 
suggestive of coronary disease The subsequent course was quite cliarac 
teristic of angina pectoris This patient later had coronary occlusion and 
finally died from cardiac failure Tlic necropsy disclosed extensive 
sclerosis of the coronai 7 arteries wiiIi coinpfcic obstruction of the anterior 
descending branch of tJie left coronary aricry and a healed infarct involv 
ing the anterior apical region of the left ventricle and tlie inici-vcntricuhr 
sc])tuni 

Diagnosis Angina pectoris in tlic typical form is readily recogm/cd 
In those wiiii an unusual distribution of tlic pain the diagnosis may be 
di/Ticult W hen the distress is confined to the cpigastriiim and lower cliesi 
and particularly v>hcn associated with an accuinulation of gas the coiuh 
tion is frequently nustakcu for i gastric disoukr or gallbladder disease 
Not infrequently the caily manifcstaiions of angina may appear to be 
cnurciy gastric and their significance not appreciated until hicr dcvelo{^ 
nienis It isaluavs well to bear in mind the possibility of angina pectoris 
in every individual in the arteriosclerotic age who In^ a va,uc epigastric 
distress Ordinarily a careful detailed history and a critical siiivcs of the 
cardiovascular system will enable the pfiysiaan to conic to a fairly dcfmue 
conclusion regarding die possibility of angina In the atypical fonn the 
history is by all odds the most important step in the diagnosis and often 
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the deterrainiiig factor. Thii point is illustrated by the folloAving case, 
which has previously been cited.37 

A man past 6o years of age consulted die writer because of a distress 
u’hicli was definitely localized in the epigastrium. This distress Avas 
described as a feeling of heaviness* wln'cli appeared at fairly regular inter- 
vals, especially after the midday meal. Because of the location and the 
periodicity of the distress, a diagnosis of peptic ulcer had been made. 
Upon questioning die patient, it was discovered that die discomfort was 
seldom experienced except after lunch. It was further found Uiat the 
patient was in the habit of walking to his office about one hour after 
lunch, and it was during this time that the distress was usually noticed. 
He had observed that die pain promptly subsided after reaching his office 
and that he might obtain relief by resting on the way. 

The precordial or upper chest pain from an intercostal neuralgia or 
die nerve-root pressure from a mediasttnal tumor, tuberculosis of the 
vertebra, or a hyperiiopliic osteoarthritis of the spine may, at times, 
arouse suspicion or even closely resemble that of angina pectoris. Usually, 
the history is different and the physical examination will point to other 
possibilities. 

Coioiiary occlusion has ficqiiciuly been mistaken for die severe fonn 
of angina pectoris. The character and distribution of the pain may be 
identical. The pain in coronary occlusion, however, is usually more last- 
ing, and, instead of disappearing in a few minmes. may continue for hours 
or days and may be jjrcscnt in minor foini even after icjieated hy-jx)- 
dermic administration of morphine. The onset is frequently accom- 
panied by shortness of bicath and iiwy be followed by the other signs of 
cardiac failure, particularly cyarrosis and vougUing. The cUauges u\ tUc 
cardiac findings may be sufficient to permit a definite diagnosis, even 
where the history is atypical. The disuut and indistinct cardiac tones, 
gallop rhythm and premaluic contractions at once attract attention to the 
heart. The later appearance of a systolic apical munnur and die occa- 
sional peiicardial friction rub on the following day are conclusive evi- 
dence of cardiac damage. These, along with slight elevation in tcmpcni- 
lure, moderate leukocytosis, and reduaion in blood pressure, in the main, 
complete the clinical picture. If clettrocardiograms are uiken daily, tlic 
curves will often show alterations in the ventricular complexes, with 
piogrcssivc changes in the R-S-T scgnicms and the T deflection. 
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The difFerentiauon of angina pectoris from the minor forms of 
coronary occhision is extremely difficult yet \eiy important from the 
standpoint of treatment In e\ery instance in ivhich the attack of angina 
IS more se\ere than usual or comes on i\hile at rest the possibility of 
coronary occlusion should be considered and when in doubt the patient 
given die benefit of a period of absolute lest If in questionable cases the 
heart is carefully watclied for possible changes m the findings the 
chnicnn will occasionally be rewarded by detecting a gallop rhythm or a 
pericardial rub the httcr of which definitely establishes the diagnosis 
The electrocardiogiain renders the gieiiest service in these atypical cases 
The changes howevci nny be easily overlooked unless progress curves 
are taken 

Prognosis The future of a patient with angina pectoris is ahiays 
m doubt became of the possibility of sudden death It is well to bear 
m mind however as pointed out by Herrick 3t» Uiat recovery occurs 
improvement is common and some have been known to live 20 years 
The literature of iccent years has expressed a more optmnsuc attitude 
toward tlic prognosis 111 angina pectoris In the senes of ;,oo cases studied 
by \\niite and Bland the average duration of symptoms was 4 4 years 
in die 213 known to be dead and 5 1 years in die 273 sull living The 
report by Wedd and Snudi^o is of particular interest In a series of 16G 
cases the average duration of the disease vvas ^ 8 years and die average 
age at death was 64 3 years It was |>ointed out diat 26 (15 7 per cent) 
lived ten years or longer Moreover 70 per cent reached or exceeded die 
calculated life expectancy and per cent passed it by five or more years 
Hart^O has also emphasized the favorable aspect of this problem citing 
vwsvavvGes fvom hvs own experience and TeCernug to hu analysis of die case 
histones published by Sir Janies Mackenzie In 147 cases classified by 
Mackenzie as primarily angina one man was still living 31 years after Ins 
first attack three had lived 20 years seven lived i^ years or more and 
21 lived ten years or more Thus of die 147 cases 33 had lived more than 
ten years afiei die onset of the disorder and 16 were still living at the onie 
the book was published It is not possible however to calculate widi any 
degree of certainty die oudook in angina pectoris This can be deter 
mined to a certain extent by the general condition of the cardiovascular 
system the size of the heart and the frequency and seventy of the attacks 
The prognosis is obviously poor m tliose with advanced changes in the 
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cardiovascular s)siem and the gniMt> of die situation is still further 
increased by the frequent occurrence of severe attacks The progress in 
those with luetic aortitis is usuall} progressnelj doivnirard 

In general the prognosis is most favorable in those with normal 
blood pressure and in whom it is not possible to demonstrate significant 
structural changes in die heart 

The angina associated with hypothyroidism hyperthyroidism high 
grade anemia etc may frequently be eliminated by the treatment of 
these conditions The general teinpenment of the patient should be 
taken into consideration In diose with a hypersensitive nervous system 
die basic pathology necessary to the production of the pain may be con 
siderably less than in the placid mdividinl This is a recognized factor 
m the angini of uonien and probably contributes to the production of 
the syndrome in hyperthyroidism Finally those patients VNho are faith 
(ul m complying with the recommendation of the physician may add 
years to dieir life whereas on die oilier hand they may precipitate a 
sudden tennmation by the disregard of factors winch excite the pain 

Treatment ft is generaliy possible to benefit the individual with 
angina pectoris and oftentimes a great deal may be done Tlie extent 
to which tins may be accomplished however depends m a large measure 
on the care with, which the physician analyzes the patient the condition 
of die cardiovascular system and all factors pertaining to die precipitation 
of attacks and adopts measures to correct or alter the situation In general 
theobjectiiein treatment of tins form of cardiac failureis the same as that 
previously outlined Here again rest is one of die most effective means 
of restoring the cardiac function However it is not usually necessary to 
confine the subject to bed 

In the milder form curtailment in die exercise alone may produce 
marked improvement Thus a reduction in the pliysical aciiviues to a 
point where pam is not produced is the first step m die treatment A 
period of rest with complete relaxation and perhaps additional sleep is 
often advisable Phenobarbital 30 mg (i /4 gram) three or four times 
a day 01 some oUier form of mild sedative is often helpful or even essential 
10 the piomotjon of reJxxanon and die induction of adequate sleep Tlie 
diet should be simple and ovcieating avoided Excessive accumulation 
of gas IS not infrequently a disturbing factor and often associated with 
consiipauon Thus the bowel function should be controlled by as simple 
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i measure as possible m order to reduce irritation to the minimum In 
the obese a gradual reduction m weight is indicated This commonly has 
1 favorable influence on an assoaatcd hypertension If the blood pressure 
of tliose with hypertension is not sufficiently reduced b) rest relaxation 
and tire curtailment in the weight of the obese tiie administration of 
nitrites is justified m order to temporarily reduce the work of the heart 
Moi cover this medicauon in addition will liave a fiivorable influence on 
the coronary circulation These preparations particularly amyl nitrite 
and nitroglycerin are not ordinarily employed except for tlie relief of 
pain The regular administnuon of Uiose witlv more persistent action 
however is justified in the hope of improving the coronary circulation 
and thus perhaps eliminate the underlying cause of the angina 

There are instances in which sucli factors as infection enlarged pros 
tate diabetes anemia thyrotoxicosis hypothyroidism etc may be con 
tnbuting to the development of the angina The various possibilities 
should be carefully weighed and judicious treatment employed The rigid 
control of die diabetes however is not justified and when insulin is 
employed hypoglycemia should be avoided It is well established Uiat the 
angina may be aggravated under tliese circumstances Moreover in hypo* 
thyroidism it is important that caution be exercised in the use of Uvyroid 
medication otherwise the increased demands on the heart imposed by 
tlie elevation of the metabolic rate may ovcrwcigh tlie beneficial effects 
from abolishing tlie hypothyroid state 

Tlie various ilieophylhtie and tlieobromme preparations have their 
place in the treatment of angina pectoris As previously pointed out 
however tlieir possibilities are not as great in tins form of heart disease 
because of the extent of tlie deficiency of Uie coronary circulation usually 
present Nevertheless they should be given a chance in combination with 
die various other measures and favorable results have been reported 72 
The writer has employed theophylline ethylenediamme for years and is 
convinced of its value The usual dosage is o i to o 2 Gm (11/ to 
orains) three to foui times a dry Others favor the use of tlieobromme 
preparations such as the alkaloid dieobroimne o 3 to o 5 Gm (5 to 71/ 
grains) theobromine calcium salicylate o ^ Gm (71,4 grams) or theo 
bromine sodium acetate o 6 Gin (10 grains) three times a day AH of 
these punne base derivatives may cause gastric irritation but m the 
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experience o£ die wnier this has not been an objectionable feature uith 
theophylline eihylencdiamine 

Nitroglycerin, 065 mg (Vioo frequently gives prompt relief 

from an atuck It should always be available and taken at once at the 
onset of pain and repeated if necessary Occasionally unpleasant, and in 
rare instances ill effects are observed Therefore, the drug should not be 
prescribed until its actum is determined In certain instances the writer 
has combined the use of nitroglycerin and theophylline ethylenedianune 
witli favorable results 

In the more severe form of angina |>ectoris the treatment is mudi the 
same as m the advanced stage of congestive failure Every available means 
should be employed to reduce the work uf the heart and improve die 
efficiency of die myocardium A prolonged period of rest relaxation and 
sleep may be necessary Sedatives are usually indicated and morphine 
often necessary to promote relaxation and sleep and thus obtain the 
tnaximum mental and pitysical rest Tlie administration of digitalis in 
doses of o G to 0 Q cc (10 to 15 minims) of the tincture, or 0 oG to o 1 
Cm (1 to grains) of die powdered leaf is frequently indicated 
\ttioglycerin may be an extremely valuable remedy in this stage of die 
disease After the patient is allowed to leave the bed there is a greater 
necessity for a more detailed sujiervision of the exercise and other futorv 
uliicli induce the pain 

Surgical Treatment Sections of various poriions of the sympadiciu 
chain and later paravertebral injection with alcohol have been employed 
in the treatment of angina pectoris The latter is by far die simplest 
pioccdurc and to date the results have been successful 111 a high per 
centage of cases This mediod of treatment is usually reserved for diose 
with a more severe form of angina who are not able to get relief by med 
ical measures Moreover, it should not be attempted except by one who 
has expert anatomical knowledge and cxpcncncc Total thyioulcctoiiiv 
Ills been advocated for (he treatment of die more refractory cases on the 
basis that the resulting hypothyroidism might sufTiciemly reduee the woi k 
of the heart to permit the restoration of cadiac function but is now 
seldom used ^falc recently beck and others have itiempied to improve 
the cireiihuou to the heart by the ptoduction of cxtiacaidiac anastomosis 
Tills work IS still in the cxpciinicntal sta^c 
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a measure as possible in order to reduce irritation to the niininmm. In 
the obese a gradual reduction in weight is indicated. This commonly has 
a favorable influence on an associated hypertension. If the blood pressure 
of those with hypertension is not sufllciently reduced by rest, relaxation, 
and the curtailment in the weight of the obese, the administration of 
nitrites is justified in order to temporarily reduce the work of the heart. 
Moreover, this medication in addition will ha\e a favorable influence on 
the coronary circulation. These preparations, particularly amyl nitrite 
and nitroglycerin, are not ordinarily emplojcd except for the relief of 
pain. The regular administration of those with more persistent action, 
lioweser, is justified in the hope of improving the coronary circulation 
and thus perhaps eliminate tite underlying cause of tlie angina. 

There are instances in which such factors as infection, enlarged pros- 
tate, diabetes, anemia, thyrotoxicosis, hypothyroidism, etc., may be con- 
tributing to the development of the angina. The various possibilities 
should be carefully weiglied and judicious treatment employed. The rigid 
control of the diabetes, however, is not justified, and when insulin is 
employed hypoglycemia should be avoided. It is well-established that the 
angina may be aggravated under Urese circumstances. Moreover, in hyjx)- 
thyraief/sm xc is intparatcu dtac esathn be exercised in dte use of tbfroid 
medication, othenvise the increased demands 03t the heart imposed by 
the elevation of the metabolic rate may o\erweigli the beneficial cITecis 
from abolishing tlie hypothyroid state. 

The various theophylline and thcobioinine pre|>arations have their 
place in the treatment of angina pectoris. As previously pointed out, 
houever, their possibilities aie not as great in tliis form of heart disease 
because of the extent of the deficiency of the coronary circulation usually 
present. Nesertheless, they should be given a chance in combination with 
the various other incasuies and favorable results have been rcporicd."- 
The writer has employed theophylline ethylencdiaminc for years and is 
convinced of its value. The usual dos.agc is o.i to 0.2 Gm. (it/, to ^ 
grains) thiee to four times a day. Olliers favor the use of thcobroniim* 
preparations such as tlie alkaloid ilieobroinine 0.3 to 0.5 Gm. (5 to 
grains), tlieobromine calcium salicylate, 0.5 Gm. ("ji/ grains), or theo- 
bromine sodium acetate, o.G Gm. (lo grains) , thice times a day. All of 
these puiine base derivatives may cause gastric irritation, but in the 
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experience o£ the witer tins Im not been an objectionable feature uiih 
theophylline etliyletiediamine 

Nitrogljcenn 065 mg gram) , frequentl) gives prompt relief 

from an attack It should ah\a>s be available and taken it once it the 
onset of pain and repeated if necessity Occasionally, unpleasant and in 
rare mstaiices ill effects are observed Tlierefore, the drug should not be 
prescribed until its action is determined In certain instances the uriter 
has combined the use of nitroglycerin and dieophylline ethylenediamme 
uith favorable results 

In tlie more severe form of angina pectoris die treatment is much the 
same as in the advanced stage of congestive failure Every available means 
should be employed to reduce the work of the heart and improve the 
efficiency of the myocardium A prolonged period of rest relaiuition and 
sleep may be necessary Sedatives are usually indicated and morphine 
often necessary to promote relaxation and sleep and thus obtain the 
maximum mental and physical resL The administration of digitalis in 
doses of 06 to og cc (10 to 15 minims) of die tincture or 006 to 0 1 
Gm (1 to 114 grains) of the powdered leaf is frequently indicated 
Nitroglycerin may be an extremely valuable remedy in this stage of the 
disease After the patient is allowed to leave die bed there is a greater 
necessity for a more detailed supervision of the exercise and other Eaciois 
which induce the pain 

Surgical Treatment Sections of various portions of the sympadietic 
cliain and later paravertebral injection widi alcohol have been employed 
in the treatment of angina pectoris The latter is by far the simplest 
piocedure and to date the results have been successful in a high per 
centage of cases This method of treatment is usually reserved for those 
with a more severe form of angina who are not able to get relief by med 
ical measures Moreover it should not be attempted except by one who 
has expert matomical knowledge and experience Total ihyroidectomv 
has been advocated for the treatment of the more refractory cases on the 
basis that the resulting hypodiyroidism might sufficiently reduce the worl. 
of the heart to permit the restoration of cardiac function but is now 
seldom used More recently Beck and others have attempted to improve 
the cncuhtjon to the heart by the production of exiiacirdiac anastomosis 
This work is still in the experimental stage 
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CORONARY OCCLUSION 

The recognition oE the clinical 5>ndromc o£ coronary occlusion iniro 
duced a new chapter in the knowledge of coronary artery disease It 
furthermore stimulated a widespread interest in the subject i\lucli led to 
ail extensive investigation of the anatomy i - 3 4 41 phjsiology and 
patliology32 33 4'’ 43 44 of tlie coronary arteries 12 io expert 
mental and clinical electrocardiographic studies i» 4i and fuiall) a 
careful clinical survey of Uic various aspects of coronary aricr) dis 
ease® 3 lo 12 47 \Vliile the syndrome was first definitely identified b) 
Obrastzou and StrascheskoJS in 1910 tlie repoit by Hcrnck^a m igi” 
and his later pubhcationOt) on the subject stand out as a miJesione m the 
subsequent developiiieius m this new field of medicine 

The essential features tn the pathology of coronaiy occlusion liaie 
been discussed It sliould be remcnibercd liowevei diat coronary occlu 
Sion usually lepresenis a terminal manifestation of coronary aiicry sclero- 
sis The atheromatous changes in the coionary arteries aic comparable to 
those ordinauly associated with angun jiecions In this connection the 
findings of Klotz and Lloyd^'i are of particular interest TJiesc investi 
gators made a comparative study of Uie clinical and pathological findings 
m a series of 26 cases of advanced coionary artery sclerosis and a senes 
of 18 cases of coronary occlusion They concluded tJiat tlieie was no 
significant difference between Uiese scries either in the clinical inani 
festitions or die postmortem findings It is inteicsinig to note that ilie 
incidence of angina pectoris was practically the same in both groups 

Coronai7 occlusion may occui with only moderate sclerosis and ptr 
haps confined for tlie most part to the vessel obstructed Generally hou 
ever the sclerotic process is quite marked usually involving both the 
right Slid le£t coroiniy srtenes tnd freqttemiy inoie than owe conplcic 
occlusion is found at necropsy The latter is commonly the situation m 
cases of sudden death This type of dcaili was recorded ni 1, of the 
jj cases studied by Sapliir Piicst Hambuiger and Katz 52 and in every 
instance there was an old as well as a recent occlusion These obseners 
expressed the belief that the closure of 1 single mam bianch is not siif 
ficient to cause instantaneous death 

The opinion advanced by LcaryS t from the study of the dcvclopmcni 
of the arteriosclerotic lesions of the coronaiy arteries especially the e> cnis 
leading to tiie closure of a vessel is of particular interest lie concludes 
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Uini iJiese lesions arise from the entrance of lipoids into die subendothelial 
layer of Uie intima and their phagocytosis by cells referred to as lipoid 
cells. Ill the young, die lipoid cells stimulate die growth of fibrous tissue 
whicli encroaches on the lumen and may terminate in dirombosis. In the 
old, howeier, the lipoid cells do not stimulate fibrosis but, because of 
the accumulation in large masses and of inadequate nutrition, undergo 
necrosis and autolysis, forming atheromatous cysts or abscesses. The 
occlusion of the \essel, under dtese circumstances, is usually due to die 
rupture of an abcess into the lumen. 

The immediate response of the Iicait to die occlusion of a coronary 
artery depends on several factors such as the previous state of the 
coronary circuladon. size of the \essel obstructed, and whether the 
closure is sudden or abrupt. Many withstand the thrombosis of one of 
the larger vessels without any particular embarrassment of the heart. In 
others there is obvious inipairmem in tbe cardiac function. Finally, there 
are those in whom the effect is so oveiwhclming diat sudden death or 
extreme caidiac failure results. Despite a favorable condition at the 
onset, however, die subsequent course is always in doubt. Theie is 
alivays die possibility of the extension of the infarct or perhaps the 
development of a new one. Moreover, if the infarct involves the endo- 
caidium to a significant extent, mural Uiiombi will commonly develop. 
These often involve both the right and the left ventricles, and diere is 
always a chance diat some may be dislodged and pass into the circulation. 
Blumer33a jn reviewing this subject states that about 50 per cent of the 
patients with cardiac infaictioii present mural thrombi and in appioxi- 
mately 1.1 per cent embolic manifestations occur. He points out that the 
embolus is inoie likely to take place during the first ten days and moie 
fiequenily involves the lungs. In die series of cases cited other structures 
such as the kidneys, spleen, extremities, and brain were concerned in 
the order mentioned. 

Occasionally an area of softening involving the emiie diickness of 
the wall of the left ventricle permits rupture and hemorrhage into the 
pericardial sac resulting in death from cardiac compression. Tiie rupiuie 
is usually located on either the anterior or posteiior wall of die left 
ventricle. In rare instances the interventricular septum is involved in 
this manner from the occlusion of the anterior descending branch of the 
left coioiuTj artery. Tliis is manifested by tbe appearance of a s}stolic 
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murmur o\er the precordium. which is most intense m the left parasternal 
region in the fourth and fifth interspaces This murmur may be high m 
pitch or even rasping in character 

In those with extensive m)ocardial damage and as the result of wide 
spread replacement of the muscle by fibrous tissue the wall of the left 
ventiicle may bulge, producing cardiac aneurysm This tondiuon is 
most commonly located on the anterior apical region of the left ventricle, 
ordiinnly a hie development and usually associated vvitli cardnc failure 
Symptoms. The clinical manifestations of coronary occlusion in die 
typical form ai e readily recognized The distribution, character and dura 
tion of the pain, the accompanying shock and fall in blood pressure, die 
symptoms and signs of cardiac damage, and the later development of 
tempenture and leukocytosis produce a disiinciive clinical picture 
There is, however, a wide variation m the clinital manifestations whicli 
depends in a hige measure on the extent of the myocardial damage The 
dimagc to the heart may tlius be so overwhelming that the patient dies 
suddenly or within a few hours, or, on the other hand, so slight diat few 
or no symptoms arc jiroduccd and tlie condition ]X)ssibly not recognized 
Again in those insunccs in winch the pain and accompanying shock 
predominate the clinical picture, Uie associated symptoms and signs of 
cardiac damage may vary to a remarkable extent In some, there may be 
no significant dyspnea and no demonstrable structural change m the 
heart except as demonstrated by the elect! ocardiograph 

There is a small group, perhaps larger than heretofore suspected, m 
which the onset is manifested by intense dyspnea wiUi little or no pain 
Finally, in certain instances the obstruction of one of the mam branches 
may occur witliout tiie production of significant symptoms The possi 
bility of coronary occlusion should Uius be borne in mind when an 
apparently unexplained cardiac failure appears in an individual of die 
arteriosclerotic age, particularly if it develops radier rapidly 

Pam IS the outstanding and most diaractenstic symptom of coronary 
occlusion Many give a previous history of chest pun which, m some 
instances, is typical of angina pectoris Occasiomlly, the distress is over 
the lower chest and upper abdomen and mistaken for a gastric disturb 
ance or gallbladder disease In anodier group, the occlusion is the 
first evidence of coronary artery disease The onset of the pain may be 
abrupt or gradual, extending over a period of two or three days before 
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reaching the se\ere form During tlie period of gradual onset, tlie distress 
IS usuall) intensified b) exercise, excitement or other factors which 
increase tlie isorL of the heart In those wiUi an abrupt onset, the patient 
IS not infrequentl) awakened from sleep during Uie night and often 
during the early hours of the morning by the temfic distress 

The site of tlie pain is similar to that in angina pectons, except per 
haps for a greater tendency towards the lower sternum and upper abdo 
men In an occasional instance, as m angina, the distress may be entirely 
confined to Uie abdomen Usually the pain lias a greater area of distnbu 
non and extends laterally in each direction from the sternum It is fre 
quenily iransmiiied to tlie left shoulder and down the arm and often 
to both arms "Whereas in those with a prexious history of angina pectoris, 
the pain may have extended to the left arm, it will frequently be felt m 
botli amts after an occlusion 

The pain may likewise be felt in neck and v inons locations about the 
head, and, in rare instances, transmuted through tlie chest to the angle of 
the left scapula The distiess, particularly to tJiose with gradual onset or 
in the milder form, is often described as a mild feeling of oppression or 
heaviness of die chest On liie other hand, it may be the most agoni2ing 
tearing boring, or constricting like pain While there is usually a steady 
distress die intense manifestations often come and go m wave like fashion 
The duration in die more severe t)j>e vanes from a few hours to days and 
may persist, in a minor form, even after repealed hypodennic admuns 
tratioiis of morphine "While the above type of pain often follows the 
occlusion of a larger vessel instances of even fairly large cardiac infarction 
are frequently encountered at neciopsy which were not manifested by 
significant symptoms Tlie pain if present, must have been of a very 
mild nature or, m those with angina pectoris, perhaps no more tlian 
experienced during an ordinary attack Again, the clinical picture may 
be so dominated by dyspnea diat the pain is overlooked 

The onset of severe pain is ordinarily accompanied by profound shock 
in which the ashen gray color, the profuse perspiration, the feeble and 
even imperceptible pulse, and die fall in blood pressure are die con 
spicuous feaiures The normal color usually returns and the perspiration 
disappears after the severe pain subsides Tlie exhaustion and die feeble 
pulse, however, may continue for days, depending on the extent of the 
functional disturbance of the myocardium The sysiolic blood pressure 
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nny recede to (jo inm 11^ oi c\cn loucr In tiiosc uith an unrecognized 
hypertension the degree of llic rcdticuon in the blood pressure is likely 
not to be appreciated Following the occlusion of a smaller \csscl the 
changes m the blood pressure are probably shgfit ind transient in nature 
Ordinarily howetcr after the closure of a larger artery it rises slowly 
but may remain at a Icscl considerably below the original 

The cMciU of the dyslmca represems a measure of the resjxmse of the 
myocardium to iJie infarction Pam and dyspnea are thus not ncctssanly 
present to the same degree E\cn m those wiili sescie pain there may be 
no appreciable shortness of breath If howescr cardiac failure later 
develops Uie respiratory distress gradiiaJJv assumes a prominent asjiect in 
the clinical picture It is to be recalled limsevcr that there are instances 
in which the dyspnea at the onset domiinics the picture and the jiain is 
slight or |X)ssibly absent In ilitv it is assumed that there is cvtensiic 
functional disturbance of the myocarduiin 

1 Physical Fituhu^s There is a great variation in the physical find 
ings of coronary occlusion Some give a history of hypertenston and have 
the customary changes in the cardiovascular system \gain die findings 
prior to the accident may be surprisingly negative During and even after 
severe attacks of pam there any be very Jntle alteration m the carthac 
findings The character of the pulse and the fall m blood pressure have 
been mentioned Theit is usuallv some acceleration in the cardiac rate 
hut rarely above loo per niniutc \n irrcguJarity from premature con 
inctions is often noted The character of the cardiac tones is jierhaps 
one of the most constant features flic tones are frequently distant and 
(Kjorly differentiated This with a gallop rhythm may be Uic only 
demonstrabfe physical evidence of caidiac dtmage The occasional associ 
ated emphysema may account for die distant sounds in some instances 
k systolic niiirmur may be beard oi appear later This murmur in the 
beginning is often very faint but later frequently becomes more con 
spicuous Tliere may be no appreciable increase m die size of the heart 
widi the above findings In ibose wjiJi more extensive damage of the 
myocardium die cardiac signs arc usually more prominent with perhaps 
the additional nniiifestaiions of pulmonary edema and engorgement 
of liver 

A peiicardial friction rub is occasionally demonstrated It is the only 
disunctive physical sign of cardiac infarction The other findings are 
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common to the arteriosclerotic fonn of hemt disease tviUiout demon 
strable occlusion A dilijjCnt seiich for a pericardnl rub is tlius r\ar 
ranted iii e\er) instance in which a coronir) occlusion is suspected It is 
usually heard on the second to fomili day frequently between the apc\ 
and sternum occasiomlly higher It may be soft and tnnsieni in clnr 
acter and ordinarily disappears after one or two days 

Temperature and Leukocyte Count The temperature and leuko 
cytosis are of considerable impoitaiicc Tliey aie appaiently solely 
dependent on tlie extent of the myocardial infarction The temperature 
is usually not noted until the second day and ordinarily reaches the high 
est peak on the third day after avlnch it gradually subsides In occasional 
instances it may persist for a week oi even longer The usual range is 
between 37 2 and 38 9® C {99 and 102® F ) 

An increase in the leukocytes has been observed as early as one to tv o 
houis after the onset of the clinical manifestations of occlusion In gen 
cral It parallels the temperatuic and ranges from i^Doo to 20000 pei 
cinm These two findings Iiavc been helpful in esunntmg the extent of 
the myocardial infarction The physician is more justified in being 
exiiemely cautious and guarded 111 his prognosis in Uie presence of a 
brisk leukocyte and temperatuie reaction particularly if Urey peisist 
longer than usual 

According lo recent observers ibe sedmientanon rate of die red 
blood cells is significantly altered by caidiac infarction In 29 cases studied 
by Shooklioff Doughs and Rabinowitz •>•> the sedmicniation rate 1 as 
abnormally high in all This is usually evident between the second and 
fourth day after the cardiac accident increasing lo die level of 60 mm or 
moie and occasionally as high as too uirti within an hour It ordinarily 
reaches the maximum two or thiee days later tliereafter gradually sub 
siding hut occasionally requiring weeks to lecede to the noiitial level 
It lias been pointed out (hat this finding may be of value in deieniiining 
the rate of die healing of the infarct and thus possibly provide another 
means of estimating the duration of bed rest 

3 Elecitocauhoguif Jiic Findings It is generally known that die 
changes in the elccin caidiogram are fiequemly characicristic and may 
lie the only means of dtmonsiraiiiig acute myocardial d im i^c As pomud 
out by A\iIson a however it is usuilly unwise to make a diagnosis on 
die basis of the elecirocardiogrim alone Thus the evKlcnre obtamc 1 
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by dus meUiod of exammauon should ahnjs be carefull) wejglied with 
that of the clinical findings 

The electrocardiogram is continually chmging during the early 
stages of coionary dirombosis and the alteritions are commonly more 
conspicuous at this time therefore, serial curves should be taken at one 
to two da)s intervals or perhaps oftener in certain cases otherwise, 
changes may escape detection Fiirdicmiore it should be borne in mind 
that die alterations aai> to a remarkable extent in magnitude and while 
usually evident in standard leads are generally more apjiarent when 
supplemented b) precordial leads For the more recent recommendauons 
regarding die use of the precordial leads die reader is referred to die 
joint report of the American Heart Association and the Cardiac Asso 
ciation of Great Britain and Ireland 

The more significant abnormalities pertain to the R. and ST scg 
ments the T wave and the appearance of Q wave In general there arc 
two t)pes of curves The first of these is usually associated vvitli throm 
bosis of the anterior descending branch of the left coronary artery lesiilt 
ing m infarction of die anterior lateral surface and apical region of the 
left ventricle Soon after the accident the RT segment is elevated in 
Lead I and die op|>05iie effect is noted in Lead III Tins is gradually 
replaced by sharp negative T wave in Lead I and upnght defiecuon of 
the same general character in Lead III producing the type curve 
In certain instances significant alterations do not appear in the RST 
segment and that in die T deflection is the outsLanding feature IVheii 
the infaiction involves the posterior wall of the left ventricle the reverse 
order is commonly observed Thus there is downward displacement of 
die segment in Lead I and upright deviation in Lead III which is 
replaced shortly by positive T wave in Lead I and negative T wave in 
Lead III T^ type of curve Within recent years the appearance of 
Q wave has been emphasized Tins wave is usually more prominent in 
Lead III However IVilson and his associaieS'>5c have shown that the 
leads in which the Q wave appears follow closely die order of T changes 
and dius designated the two types of curves as Qj Ti and Qj T-j Tlie 
above changes in RST segment and T wave undergo daily altcniions 
That involving this segment is not infrecjueiitly absent or quite transient 
whereas die alteration in T may disappear, but commonly never returns 
to normal The Q wave is die more persistenL 
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Vltcraiions of less significam cliatictcr frcqiicmiy occur The \inous 
i>[>cs of irtegiihritics ln\c been mentioned Of these, premature con 
tnciions gcucnlly of \entritular origin arc llic most common and 
occasionally, vcniiuulir tachyciidia develops Auricular fibrillation or 
auncul ir flmtcr iin> likewise ipjxir Conduction defects involving the 
mriculovemnciil ir bundle or bnnclics arc fairly frequently observed 
The latter gives rise to great \ triety of altcritions in the intiial veiUnciihr 
eomplexes siuh as slurnug and spliiuering which is fietjucntly associated 
with inercasc in duration of the Q K S group It is well to bear lu mnul 
that the (Kcurrcucc of bundle branch block may mask the changes usually 
noted 111 RST segments and the T vvavc rmilly in certain instances 
thcic IS conspicuous reduettun in the implitiidc of the chief ventricular 
dcRcction which may he transient or jicrmanent 

Diagnosis The typical case of cotonary occlusion is seldom over 
looked by those faiiuhar wuh the syndrome Oifliculty usually arises 
hccausc of in unusual thstriimtioii of pain Here as in angina pectoris 
the pant at some pcrqihcnl [Hunt may for a time at least overshadow 
tint of the chest When however the pain is loniincd to the cpigtstnum 
nr extciuU to this re'giou pariiciihrly when accomixinied by tenderness 
rigiditv nausea and vomiting the diagnosis may be extremely diOicult 
Taticnts of this age may have jicrfonting |>cptic ulcer gallbladder disease 
or acute pincreatiiis The history is extremely inqxiriant It may 
{x>iiu to a peptic ulcer or gallbladder disease or on the other 
hand indicate a previous angina pectoris I have recently obsened 
a patient in vvliotii (he iiiutil symptom was severe p,un confined 
to the epigastrium uid follovvcd by nausea After about 30 min 
tiles he vomited profusely and had a copious watery bowel movement 
foUovving which the pun subsided Occasionally the onset is with 
intense dyspnea and shock Others have mentioned the combination of 
diizincss and shock Whenever Uicrc is ripul development of cardiac dis 
ability especially in individuds of the arteriosclerotic age tlie possi 
bihty of eoionary occlusion should be considered Moreover the inci 
deuce of coronary artery disease 111 subjccu below jo years of age is higher 
than generally considered A careful survey of the heart will, in most 
instances, prevent the physician from overlooking coronary occhisioii In 
doubtful cases Uic electrocardiogram usually establishes the diagnosis It 
IS extieiuely important however, that cuivcs be taken as soon as possible 
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and at one to tuodaj intet\al5 cspariail} during the fust tveek or ten 
da)s following the cardiac accident Otlien\jse significant alterations may 
be oterlooked 

Differential Diagnosis Various conditions m the chest such as 
pulmonai-y embolus, acute pneumolhotax, and massive collapse, may be 
mistaken for coronary occlusion AverbuckSG has recently rejwried sik 
cases of pulmonary embolism in which the clinical diagnosis was coronary 
occlusion Disseclwg aneiirysm and rupture of the aorta may likewise be 
indistinguishable from acute cardiac infarction 57 Finally pericarditis 
from causes other than myocardial infiirction, because of the location and 
character of tlie pain and the presence of a friction rub may closely 
lesemble coronary occlusion The possible occurrence of electrocardio 
graphic changes may furiher add to die difficulties In fact, as indicated 
by Hernck.SS only a careful analysis and watchful waiting will decide 
the diagnosis in certain cases 

^Vidiin recent yeais coronary occlusion has become a common 
diagnosis Because of the widespread interest in this condition die time 
has come ivlien dierc is a danger of making this diagnosis at die expense 
of common disorders in die upper abdomen or chest 

The differentiation of angina pectoris and coronai-y occlusion was dis 
cussed in connection with the former condition It is well to bear in 
mind Iioweser that a coronary occlusion frequently precipitates and 
often leiimnaies an angina pectoris It is believed dial minor coronary 
accidents are common during the course of angina and at present, gen 
eially overlooked These patieiiLs should be examined with this jxissi 
bility ill mind vslienever the jxiiii differs in any essential respect fiom 
dial of the usual attack and parucularly if it occurs while at rest It is 
possible lint a more detailed study of the physical findings blood pressure 
leukocyte count and frequent clectrocaidiographic observations may 
enable the physician to recognize the minor foniis of coronary occlusion 
much more often than in U e jxist and alter the conception of ceriain 
insLances of angina 

CORONARY THROMBOSIS 

Prognosis The occlusion of one of the main branches of the 
loroiniy aitcncs is ilwiys a scnoiis matter uul it is ncvci possible to 
predict with certainty the outcome The subject may have wiilisiood tilt 
immediate effects m a very satisfactory manner and yet succumb a few 
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dijs later fiom Uie extension of the inhrct, peifoi-atioii of the cardnc 
uall t\itli hemorrhage into the periLardiil sac oi peihips from cerebral 
or puImonai7 embolus Numeious instances of sur\i\al, hoi\e\er ire 
encountered m e\ery large senes of coronary artery disease and many ha\e 
recovered to die extent that they have an efficient heart The lustory of 
iiniiy of the writer s cases indicated that they withstood the occlusion and 
were later free from symptoms even though they may have been pei 
raitted to be up and about die next day or at least within a few days 
following the attack One patient liad the clinical mamfestitions of an 
exteiisiv e cardiac infarction at the age of 50 After a brief period of rest 
be apparently made complete recovery and was able to engage actively in 
hrm work for five years widiout any evidence of impairment in the 
caidiac function At tins Ume he Ind die second coronary occlusion fol 
low ed by progrcssiv e congestive failure and hul termination At necropsy 
an old infarct was found involving die aiuenor apical portion of ilie left 
ventricle and resulting from die occlusion of the anterior descending 
branch of die left coronary artery The more recent obstruction con 
ceriied die right coronary artery 

In a senes of 28G cases reported by Conner and Holt oO die immediate 
mortality wais 16 2 per cent Of die 1 17 cases who survived satisfactorily 
from the first atuck 7^, per cent were in good health at the end of two 
years 21 per cent at five years and 34 per cent at ten years It was inter 
esting to note tliat in 62 per cent die coronary occlusion was die fust 
uitimatioii of caidiic disease In a senes of 200 cases reported by W lute 
and Bland 101 were known to be dead and 91 were still alne The aver 
age duiation of life in die former following die attack was 1 j years and 
in the latter 3 2 years There is every reason to believe that certain of die 
latter may live for many more years Recurrences are common In a 
senes of cases reported by Connor and Holt 69 patients (2 y per cent) 
had two attacks 12 (4 per cent) had three attacks and ij (j per cent) 
had moie dnn three attacks Of die 370 cases recorded by \\ ilhus co 257 
(80 per cent) had had a single attack 73 {20 per cent) had two or more 
attacks The average interval between attacks being 2 2 years 

In general, the course is more fitvorable m diose in whom the heart 
withstands the accident without signs of cardiac failure whereas tiie out 
look is grave m diose with signs of extensive impairment of the cardiac 
fimctioa during die initnl stages of die occlusion Even iJiongh die initial 
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penod is survived, the later course is likely to be stormy. There arc, how- 
ever, numerous exceptions and tlie studies by Conner and Holt in this 
connection are extremely interesting. In their series o£ 172 cases in t\Iucli 
they were able to study the relation of tlie severity of the sjinpioms to the 
immediate prognosis, almost one-tlurd of those who recovered were in die 
group with the extreme miual clinical manifestations. In spite of the 
apparent course, however, die future is indefinite. Experience teaches 
that recurrences are frequent and there is always the jwssibility of embolic 
manifestations froln die detachment of a bit of the clot which forms on 
the endocardium at the site of the infarction. Finally, the course is depend- 
ent to a remarkable extent on the treatment of the patient following the 
occlusion. Even diough the damage to the heart may not seem great at 
tile time of the accident, the cliances of recovery may be eliminated by 
allowing die patient on his feet too soon. 

Treatment: The early stage is a critical period The protection of die 
heart at this dine may not only determine die immediate outcome but 
have a deciding influence on the subsequent course. Moreover, diere is 
alwrays the possibility of complicadons as previously pointed out. The 
patient dierefore should be confined to bed at as nearly absolute rest as 
possible and maintained in this state until the period of emergency has 
passed. Morphine is a most valuable remedy during this period of treat- 
ment and should be administered in sulficicnt amounts to contiol die 
pam and induce sleep. After the pain has disappeared, unless dierc is 
dyspnea, a simple sedative such as phenobarbital is usually effective in 
promoting relaxation and sleep. When tlicre is significant cardiac embar- 
rassment die administration of oxygen is indicated. The intiavenous use 
of (licaphyiUiie ethyicncdiaimnc (o. fS Gni.) in jo cent dextrose so 
ludou is helpful in controlling the pain and commonly' has pronounced 
effect on the dyspnea. This should be injected very slowly and may be 
employed two or three times during Uie 21 hours if the circumstances 
justify it. Instances have been observed in which this medication was a 
lifesaving measure. Digitalis is indicated in the presence of cardiac failure 
regardless of whether it de\ clops early or late in iJie course of coronary 
occlusion "When rapid action is desired a prcjxnadon for iiumvcnous use 
may be added to the theophylline cthlencdiamine and dextrose solution. If 
there arc frequent premature conlracdons, quinidine sulfate o 2 Gin. (S 
grains) every four to six hours is advisable in order to waid off die jwssi- 
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bihty of ventricular tach)cardia It should also be emplo)ed in tlie presence 
of auricular fibnilauon During the first ten da)s or tuo v\eeks it is highly 
important tint the patient be spared all unnecessary physical effort Thus 
the boivels should be regulated by measures tliat uill not produce fre 
quent movements or email undue siraui in passing the stool The diet 
should be simple and of a character not calculated to promote abdominal 
distention It is ordinarily advisable to continue the bed rest 4 to 6 weeks 
and 111 some longer depending on the condition of the heart 

The extent of the infarction is determined by the size of Uie vessel 
and the degree of collateral circulauon It is possible to improve the 
collateral circulation by the administration of the theophylline or thco 
bromine prepaiations The author uses theophylline etliyleuediamine 
o i to o 2 Gm {w/, to 3 grains) three or four times a day beginning in 
the early course of die condition and continuing it until long after tlie 
patient is on his feet ^Vhel]l rapid action is desired this medication is 
administered intravenously as pointed out above 

The management of the patient after he 1$ allowed out of bed is 
deserving of serious considciation Graded exercises serve an important 
function during Uus period of the treatment These should be carefully 
regulated and not extended to die point of shortness of breadi or pain 
Thereafter it is a matter of regulating die habits of living so diat die 
individual may as far as possible, stay widun the limits of his cardiac 
disability In order to attain Uiis objective it is necessary diat die pauent 
be told the nature of his disorder and die means of safeguarding himself 
Moreover, it is essential tliat he continue under the supervision of a 
physiaan 
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CHAPTER XXI 


THE DIAGNOSIS OF CORONARY INSUFFICIENCY 

Robert L Lew, MD 

Definition Insufficiency of the coronary circulation may be defined 
as that condition m tv Inch ilie need of the myocardium for blood is greater 
tfian can be met by the amount nhich is delivered Tins disproportion 
betueen supply and demand can be brought about by a mnnbcr of dif 
feient factors winch either dimmish coronary flow or incicase cardiac 
work Its commonest cause is disease of the coronary irienes i Its two 
most important effects winch may seriously impair the functions of 
the heart are anosenna and ischemia of the myocardium Acute local 
anoNCinii accoiduig to die cutreiic conceju is the chief cause of cudttc 
pain Prolonged isclienni in the sense of i qinninatue reduction in 
coronary blood flow may induce fibrosis of the heart muscle and rcsiih 
in congestive heart failure usually affecting predominantly the left ven 
tnclc In this section coronary occlusion will not be considered sintc u 
IS fully covered m Chapter W The discussion of pain will be limited 
to tJie paroxysmal type commonly termed angmaJ 

CLINICAL ASSOCIATIONS OF CARDIAC PAIN 
Among the chnic.iI conditions causing cardiac pain due to coronary 
insufficiency, the followingare die most frequently encountered 
1 Diseases of the Coronary Arteries 

(1) Ailitrosclerosis 

(«) Slight with patchy iniinnl change and loss of elasticity 

(b) Marked vMth calcification and narrowing or obliteration 

of the lumen 

(c) OcchiSHin cither aiJicrosclcioiic or ilironiboiic 

(2) Syphilis of the aorta with stenosis or occlusion of one or both 

coronary orifices 

{3) Pcnarleniis nodosa Tins is relatively raic 


( 151 ) 
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2. Aortic Valvular Disease: In aortic stenosis, less frequently in 
aoitic insufiiciency, die coronary' blood flour may be diminished. In free 
aortic legurgitation this is belicsed to be due to the loivered diastolic 
pi essure. 

3. Anemia: The bean suffeis fiom anoxemia along with die rest of 
tile body. 

4. Paroxysmal Tachycardia: The rapid rate may call for a greater 
coionary flow than is deliveicd 

5. Hyperthyroidism: The increased metabolic demands of the body 
require a faster velocity of blood flou' and an augmented volume output 
by the heart Cardiac work may exceed coronary reserve. 

6. Combined States: For example, a person widi coronary sclerosis 
will evpeiience pam more readily if marked anemia is present than if the 
oxygen canying capacity of the blood Is normal. Ischemia and anemia 
complement each odiei in causing a higher degiec of anoxemia. 

It IS apparent that jiaui, piim.anly of coronary origin, may be brought 
about by systemic as uell as cardiac disorders. To define the etiology is 
of the utmost diagnostic importance. 

DIAGNOSIS 

SYMPTOMS 

Advanced disease of the coronary arteries may be found at necropsy 
in persons who, during life, never exjjerienccd discomfort referable to 
the lieart At the Mayo Clinic, in 86 cousecuthe cases of coronal y sclero- 
sis examined at the postmortem table, lo per cent were of this latent 
type 2 In such hearts, there is presumably an adequate collateral circu- 
lation to compensate for the affected branches 

Pam, when present, is often sulTiciently characteristic to permit the 
diagnosis to be made from the Iiislory alone It is usually referred to the 
sternal region, sometimes a little toward the left side. Effort, emotion, 
eating and cold aie familiar incitants. Discomfort is intense and ceases 
when the cause is eliminated There may be radiation to one or both 
arms, or to die neck and jaw Instead of pain, a sense of pressure in die 
chest, or of constriction, may be felt Other pain equivalents, or "siibstitU' 
tion symptoms.” as they have been called, are sudden weakness, dizziness, 
a short paroxysm of dyspnea, or nausea and vomiting. The sufferer fre 
quently perspires during die attack and belches at its end. Reference of 
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discomfort to the epignstnuin h-is resulted in confusing pain of cardnc 
origin i\ith that due to various intraabdominal disorders, notably disease 
of the gallbladder 

It IS essential that the phjsician uho is responsible for management 
should discuss the symptoms with the patient A history taken by a col 
league no matter hoi\ competent cannot convey the same impression as 
tiiat gained from a direct interview From this personal contact is often 
obtained tlie key to tlie entire sitiiaiion And since pain is so fiequeiitly 
die only evidence of coronary disease us piecise description by the suf 
ferei must be heaid to be properly analyzed for appraisal of its signifi 
cance 

SIGNS 

There may be no objective evidence of disease The heart may be 
normal m size and the sounds of good quality The blood pressure is 
frequently not elevated The electrocaidiogram may sho« no changes 
Yet the history is characteristic and subsequent events often quickly verify 
die diagnosis The follouing case is unique in my expenence because a 
completely negative piiysical examination including die electrocardio 
gram pieccded sudden death by only 23 hours 

Case 1 A man aged 19 was a siockbroker His fatlier and a brotlier 
both died suddenly at the age of 5o presumably of coronary iieart disease 
He had been unusually healthy and worked hard He rarely took alcohol 
and smoked P or 15 cigarettes daily For six mondis he had noted 
tightness in the clicst on walking The tubes m liis lungs felt irritated 
Tlirec weeks after die onset the brother previously mentioned died of 
cardiac disease this naturally upset Inin gicatly He was able to play golf 
but on hilly holes experienced a tightening just beneath die sternum 
There was no ladiatton to die arms Walking on the street caused sub 
sternal pain after going three or four blocks 

Exaniimtion showed slight letmal sclerosis but no thickening of 
the peripheral vessels The blood pressure was 122/78 The heart was 
normal m sue on percussion The rhythm w’as icgular die rale 68 The 
sounds were of good qinlily and clear Meisuremcius of the orthodia 
gnm showed no enlargement There was no dilatation or loiuiosity of 
the aorta TJic elcciiocarthograni was noniia] (Fig 1) 

Because of the Ind family history ami the rather typical story a 
diagnosis was nmlc of coronary sclerosis This was communicated to 
Ills fanul) jihysicmi who accompanied him lo ilic office 

Afiei the coiisulution he walked downtown and met his vvifc for 
lundieon and a niov le In the course of the picture he suddenly became 
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faint and broke into a profuse sivcat He look a cab to his home and 
^\cnt to bed His ph)5iaan saw him that c\ening but found no change 
in his condition He had a comfortaWc ntght He «as again ’;ccn by 
his ph)sician at 9 30 the foUotvmg morning He stemed couiforiahle 
and had had his breakfast At ten odotk he %ias smoking a cigaixiie 
svhen suddciil> he ga\t. a fets gas]M and ''as dead \caopsy '\as not 
performed 

Often the heart sounds “ire weak The first sound it the ipc\ lui) be 
split particnhrly if there his been i prctious occlusion tilth mjocirdiil 
infarction A pres)sioIic gallop frequently iccoinpanics hyjiertcnsion 



Sotnetnnes the tlcctrocanhognm shons marked iltenuotw nliett 
symptoms are nnld oi eten absent Such puients may lite for long 
periods ind cirry on acutely «ali their tiork For 13 ycirs I hate hid 
under obsertation 1 business cxcciiiivc tiiiosc graplnc record has not 
ell uiged uiiterially dui tug this iiiiie Auricidai fibrillation right bundle 
branch block (of the tude Sj iyi>c) mil low tollagc of Q RS hate been 
persistently present This pitieiu is non 70 years of ige and Ins been 
president ind subsequently clmriiian of die boird of 1 hrge torpon 
ijon Small mamtenince doses of digiuJis control the ventricular nte 
Ills only discomfort Ins been slight subsicrnal pressure tihen he hurries 
or indulges his fondness for 1 hcity nicil 

If on ridiologic c\inumtion caidnc tnlirgcincnt is present and the 
aort I shows iihcionnious dililaiioii with or tmJiout nlcifitniion sup 
port is lent to a suggestive history If the electrocardiogram also is al>- 
nornul the diagnosis is delinitc 

There art individuals who suffer intensely over a period of years from 
painful attacks Iiaxmg all the features of the anginal paroxysm Tlierc 
arc no signs of organic cardiac or tascitlir disease and no evidence of 
deterioration in the heart develops One such patient had been subjected 
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lo a v'ariet) o£ procedures including cholecystectomy, appendectomy and 
induction of tlic 'irufiaal menopause by ndiothcnpy Paniscricbral m 
jections of alcohol finally afforded relief Ilctuecn seizures there may be 
no disability md strenuous exercise is possible svitJiout symptoms oi aj>- 
parent damage to the heart For ivant of a better cxplamtioti such cases 
base been regarded as instances of coronary sjxism There is no sound 
evidence for so labelling iliem Yei die attacks uben observed are red 
enough and present the features of a vasomotor crisis There is jiallor 
sweating elevation of blood jircssurc and genuine suffering Flic cause 
IS obscure but the patients arc usuallv tense and bif»h strung \s in die 
follow niff case the attacks sometimes arc prccipiiattd bv i period of 
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diagraphic measuremcnis o£ the heart Mere normal The anoxemia 
lest presently to be discussed, was ncgatise 

In this case the response to the inhalation of ten per cent oxygen 
confinned Uic clinical impression that the patient svas not sulfering from 
organic coronary disease It seemed probable that this was one of the 
relatively uncommon cases of coronary spasm initiated by nervous 
reflexes He was advised to continue to lead a normal life and to resume 
exercise His work was so arranged that lie vvas spared unnecessary detail 
He was urged to take a vvnnter and a summer holiday Above all he was 
assured that though uncomfortable the attacks were not of grave imjxnt. 
He has for Uie past year done extremely well 

Case 3 In 1929 I reported sudi a case widi post mortem examma 
non 3 The man aged 43 was an cicciriciaii eager to iciurn to work to 
support his wife and six diildren The pain was completely disabling 
and cervical sympatlicctomy then m fashion was undertaken bv Dr 
Udder Penfidd TJie paocm died suddenly on the operating table 
It was the general opinion that death was not due to the anesthetic 
Tlie final note by the patholc^isi Dr A M Pappcnbeimer stated that 
the neaopsy disclosed no anatomical basis for the anginal attacks 

DIFFERENTIAL DIAGNOSIS 

There are tarious conditions whicli may cause pain referred to tJie 
cliest or arms simulating that due lo coronary insufficiency Such are 

1 Acute serofibrinous pericarditis 

2 Poisoning by tea coffee or tobacco 

3 Aneurysm of the thoracic aorta 

1 Intercostal neuralgia and pectoral myalgia 
j Duodenal ulcer 
G Choleliihnsis 

<7 Spasm of the esophagus or cardne end of ilie stomach 

8 Arthritis of the spine 

9 Psydioneurosis with symptoms referred to the heart 

If there is a possibility that one of these affections may be responsible 
for the discomfort suiLable examinations will usually discover ns presence 
or rule it out A cardiac neurosis sometimes presents difficulties Tfie 
general demeanor of Uic patient tlie background of emotional factors 
the absence of all evidence of disease and tlic rLsponsc to judicious psycho- 
therapy usually serve to define the situation 
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There is i snnll but distinct (proup of iiidnidinls nidi normal hearts 
uho experience pun because the) are sensitive to caffeine, jxirucuhrlj 
when taken as coffee ^ Tea is less often lesponsible, probabl) because 
It is usually comparatively neak and not taken in large quantities These 
are high strung persons many of them under mental or emotional strain 
The susceptibihi) may be transitory suggesang that it is due in part at 
least to 1 louered nervous thieshold The cliaracter of the pam is dif 
feienl from die anginal type Jt is not severe is of relatively Jong dura 
uon and is not induced by effort or emouon It may radiate to one or 
bodi arms, causing a sensation of soreness When piesent it is not aggia 
vated by exercise It is not relieved by mtroglycerm In spite of these 
distinguishing features, mistaken diagnoses have been made and patients 
have been alarmed and restricted in Uieir activiues without good cause 
Stopping the use of coffee and tea abolishes discomfort and on occasion 
saves a iicaldiy person fiom becoming a cardiac invalid 

Complaint of anginal pain Ins played a large role in claims for dis 
ability insurance It is a simple matter for a properly instructed subject 
to give a convincing history of painful seizures and even to feign attacks 
at oppoitune moments The form of die electrocardiogram can be modi 
fled by taking digitalis or urginin The racket exposed m New \ork 
City by the Federal District Attorneys office m 1938 showed Uie ease 
witli wJiidi competent obseners could be duped and large sums collected 
TJie author liad the opportunity of helping the government 111 preparing 
the case and of testifying at the trial It was admitted on the witness 
stand that coronary sclerosis wiUi paroxysms of pam could occur in tlie 
absence of all objective evidence of cardiac disease Phonograph records 
of tlie conspirators discussing their plans were obtained over tapped tele 
phone wires There was a costly error m stamping two secuons of the 
same electrocardiographic traang with different dates And die testimony 
of a pliysician and three of the alleged sufferers who turned states evi 
dence, sufficed to convict tlie culprits 

Disability poliaes are no longer written by tlie insunnce companies 
And total, peimanent disability due to coronary sclerosis and thrombosis 
is now recognized as an unusual circumstance 5 The use of the anoxemia 
test, now to be described, should be helpful m die detection of the 
malingerer as well as of latent coronary insufficiency 
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THE ANOXEMIA TEST 

Various procedures lia\e been tried to test die functional capacity of 
die coronary arcuJaiiou. A standardized exercise tolerance test iias been 
employed to precipitate anginal attacks under controlled eiuironmcntal 
conditions.^ The production of pain by inhalation of gas mixtures Joiv 
in oxygen has also been attempted.T. 8 But cardiac pain, induced either 
by exercise or by oxygen ivant, has proved unreliable as an index, partly 
because it represents a subjective end point, and also because so many 
complex factors are concerned m its production. Many padenu ivith 
coronary artery disease, furthermore, do not expeiiencc pain. 

The effect of exercise and of induced anoxemia on the form of tlie 
electrocardiogiam in patients uith coronary sclerosis has also been 
studied.^ The difficulty in interpreting die significance of die changes 
observed has been due to the fact that these occur, in varying degree, m 
many persons svithout evidence of cardiac or other disease. The border- 
line between normal sanation and jiathologic rcsjionse has not, until 
recently, been establisiied by measurement. 

In 1938, an apparatus was described for inducing oxygen want by 
enabling the patient to breathe a constant percentage mixture of oxygen 
at a rate compaiablc to diat of the normal pulmonary ventilation.8 Early 
in 1939, using a muture comaining 10 per cent oxygen and 90 per cent 
nitrogen, changes ueie described m the electrocardiogram following the 
induction of generalized anoxemia.i'> Criteria were csoKcd for nonnal 
and abnormal responses and it was suggested that certain characterisdc 
and definable alterations in the elecirocardiographit records could be 
used as an index of coronary insufficiency. A majority of the patients uith 
spontaneous attacks of pain cxpcriaiccd simbar discomlon ssiibin the 
20 minute period during whicli the low oxygen mixture uas inhaled. At 
the end of 20 minutes, or as soon as pain uas felt, die low oxygen mixture 
uas shut off and 100 per cent oxygen uas administered for one minute. 

The technic of the method has already been given in detail. 10 The 
test has now been performed over 500 limes on normal persons and pa- 
tients with various types of cardiac disease. No serious untouard results 
have occurred. On three occasions, early in the course of the work, pul- 
monary edema was produced; all of these patients lecovered promptly 
with suitable therapy. But there is no hazard if the lest is not given to 
patients with congestive heart failure or witli recent myocardial infaic- 
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tion and provided it is not repeated in the same patient within 24 liours 

Recent observations! i have led us to alter slightly the criteria for an 
abnormal response given in the original paper Vdded experience may 
tall for still further modifications The agretmeiu betwetn the clinical 
diagnosis and the result of the test liiough good Ins not been inv irnblt 
In certain patients regarded as sufFeriiig fioin coronary sclerosis the lest 
Ins been negative For this discrcjiancy there aie at least three jxissiblc 
explanations (1) The clinical diagnosis vvas incorrect (2) the reduc 
lion in coronary reserve was not sufTiciently great to be indicutd by the 
lest (j) the lesions v\ere in aieas of heart muscle which were silent 
with respect to changes in the form of the elcctrocaidiognm even when 
anoxemn was induced It has been shown iliat shortly ifter infliction 
of Uie lateral or |X)sierolatenl v\all of the heart ilitre may be no electro 
cardiographic evidence of myocardial damage though later nccropsv 
reveals the presence of a large infarct 12 

So far It has been possible to correlate tiic icsuUs of Uic lest with 
necropsy ruidings m only two cases in Uicse the state of the coronary 
arteries afforded confirmation of the clccirocardiograjihic changes Tlie 
recent expenincnts of Leslie Scott Jr and Mulinos on cats lend 
support to die observations on pauents After ligation of a coronary 
branch characteristic deviation of die RST segments appeared in die 
ckcirocaidiogram In fioni 12 to 29 days liiese changes disappeared but 
could be reproduced by having the animals breathe i ten per cent oxygen 
mixture 

111 normal subjects induced anoxemia tends to lower the amplitude 
of the T waves in all leads the T wave in Leads II and III may even 
become inverted Any one of the following alieraitons in our cxjierienct 
to date IS a sign of coronary insufTicitncy 

CRITERIA INDICATING AN ABNORMAL RESPONSE 

1 The aruhinetic sum of the R-ST deviations m all four leads 
employed (I 11 III and IVf) totals 3 mm or more 

2 Partial or complete reversal in the dircelion of F in Lead I if 
accompanied by RS-T deviation of 1 mm or more in Uns lead 

3 Complete reversal in the direction of f in Ixad IV» regardless of 
RST deviation 
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4 Partial re\ersil in tile direction of T in Lead I Vi if accompanied 
bj R S T deMation of i nim or more in tins lead 

The value of the test is best exemplifted by presenting brieflj tuo 
case reports together uitli tlie electrocardiogiains 

Case 4 A male business c\ccuu\e aged GG had alua)s been high 
strung and fatigued easil) There were no serious illnesses lor mam 
jears he had vague digestive upsets usually associated v\iih emotional 
disturbances He was first seen by his ph)sician at the age of 61 because 
of burning in the epigastrium The electrocardiogram was normal 
Gastrointcstiml xra)s showed p^Iorospasm and this v^as Uic clinial 
diagnosis Because of pcisistence of sjmplonis and the possibihiv of 
earl^ gastric neoplasm an exploratory laparotomy was done a few wctl^ 
later The findings v^ere negative 

At the age of 64 a ivvo meter film of the heart showed slight left 
ventricular enlargement and an increase in the size of liic ascending arch 
of the aorta The electrocaidiogram showed minor changes in that IJt 
axis deviation had appeared and the T wave in Lead HI had become 
isoelectric It vvas believed that Uiesc clianges were no more than might 
be expected with advancing years. 

At the age of 66 he began to have vague short prccordial pains widi 
out squeezing or pressure These occasionally awakened him at night 
Tliey weie not related to excicisc emotion or meals There was no 
dyspnea The blood pressure was 160/90 The heart was not cnlargetl 
on jKucussion The sounds were of good quality The rate was 60 There 
was a soft systolic blow at the apex 1 here was no anemia 

The anoxemia test shown m hig 2 alinrded definite evidence of a 
iliminishcd coronary reserve The diagnosis of coronary sclerosis v»as 
made and the patient s life regulated accordingly In tins case die 
patients response to induced anoxemia was the deciding £>oint in the 
diagnosis It seems probable Uiat lus svinptoms from the outset were 
due to the cardiac condition 

Case a \ male jeweler aged 4a was admitted to die hospital com 
plaining of precordial pain He had enjoyed good general Jicaldi He did 
not smoke and took almost no alcohol Tlie attacks of pain began vvith 
a sense of fullness in the abdomen follovscd by substernal pressure 
occurring usually one half to one hour after cattng There v\as no radia 
tioii to either ann Five weeks before admission because of a more 
severe paroxysm he was put to bed for four weeks and during this pen xl 
had several milder attacks TJie admission diagnosis v»as coronary heart 
disease recent coronary thrombosis with myocardial infarction and possi 
bly gallbladder disease 
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Examination showed no nidencc of cardiovascular disorder The 
blood pressure was 124/88 The blood count was normal The elcctrc- 
cardiogram afforded no evidence of cardiac damage Films of the gall 
bladdci after die administration of d)c by mouth showed a famtl) out 
lined gallbladder shadow with numerous non-opaque stones The anox 
eniia lest show n in Fig 3 was normal 



Ficlue 2 Case 4 Coronary sderous diniat diagnosis unccriam 4 Coitrol 
C After inhaling len per cent ox)gcn for ”0 rainules in Leads 1 and IV F ihe T \ axes 
haie become inicricd and ihe R S F junciions depressed No tard ac pain x as induced 
C Vficr inhaling 100 per cent oxjgen for one minute the fonn of the control has been 
resumed 

The patient vxas operated upon The gallbladder was found to be 
chronicall) inflamed and fillctl with man) midbcrr) sttmes Two )cars 
aftci opcraiion he w-as fiec from s>mplom4 In tins insiaiut ilie anoxemia 
test afforded confirmator) evidence that the sjmpioim wcic not of co^^ 
nary origin 
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The anoxemia test, then, aHords a relativ ely simple and entirely objec 
ti\c method for studying the efficiency of the coronary circulation It lias 
proved of value m distinguishing cardiac pain from pain in the chest due 
to other causes as ^\ell as from pain referred from die abdomen When 
positite, it indicates diminution jji the coronary reserve \ negative test. 



Ficlre 3 Case 5 Coronary sclerosis suspected cholehlliiasis found i Control 
B Vficr inluling ten per cent ox)gen for 20 rainuies no sigmficanl changes No cardiac 
jiain felt C After inlialing 100 per win oK)gen for one mmuic tlie record remains 
constant m form 

however, docs not rule out die presence of early changes in the coronary 
vessels or possibly, of more advanced lesions affecting a 'silent area of 
die heart As in the case of other diagnostic procedures, the result must 
be interpreted in die light of die clinical picture 

CONGESTIVE HEART FAILURE 
When congesuve failure occurs m an elderly person vvitliout valvular 
heart disease and in the absence of hypertension, the basic pathology is 
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uiih rare exceptions, fibrosis of the in>ocarditim rcsuhing from athero- 
sclerosis of the coronary arteries Anginal pain is more often absent than 
present The heart, as a rule, is enlarged The elecirocvrdiogram fre 
quentl) shoi\$ imersion of the T ua\e in Lead I, or Leads I and 11, or 
bundle brancli block The record occasioinlly is normal The heart 
sounds are apt to be ucak and tlie lieart rate rapid An apical sjstohc 
murmur is heard and a gallop rhythm is often present Radiography re 
seals pulmonary congestion and confirms cardiac enlargement The \nal 
capacity is reduced and tlie pulmonary circulation time retarded 

The symptoms of failure are insidious in their onset, once they base 
begun, tliey are apt to progress rapidly Dyspnea and edema may be 
extreme iUrliy thniias arc not uncommon, csj)ccially premature heats and 
auricular fibrillation Heart block and auricular flutter arc more rarely 
observed. 

Dyspnea resembling that due to myocardial insufficiency is sometimes 
seen in patients unit advanced emphyscmi or extensive pulmoniry fi 
hrosis Cut m tliesc conchuotis, unless (he heart also h.as failed, the arm 
to longue circulation time is not slowed Tins point is useful in diifercn 
tial diagnosis 

Abrupt left ventricular failure may manifest melf by pulmoniry 
tdema or paroxysmal dyspnea (cardiac .asthma) Tlie immediate causes 
for such attacks arc imperfectly understood Ihu acme coronal y msuf 
ficienc) may be the precipitating factor v%hcn, for whatever reason, iheic 
IS a sudden demand upon a myocardium that has little or no reserve 
supply of blood upon whidi to draw in an emergency Acute coionary 
insufficiency, with or v>iihout occlusion, also tan induce ventricular fibril 
lation and so be responsible for sudden death !■* 

CONCLUSION 

The diagnosis of coronary instifTicicncy is a matter of considerable 
practical importance There arc .a number of causes for caidiac j>am 
which must be distinguished with rcsi>cct to etiology' Various non 
cardiac conditions may siimtlatc anginal iiaiti so closely' ih.u diffcrcmia 
tion IS often extremely difficult Managcmcm and prognosis dejicnd upon 
establishing the underlying cause of distomfort When congestive heart 
failure dominates the picture, recognition of the coronary etiology is 
usuaity coiiqxar.utvcly easy 
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To urge optimism maj seem suangc uhea oae reiiaea the enonnous 
toll this disease is taking in our country, but from a sel£sb standpoint 
uc should be opumistic Such an attitude not oah helps us to deselop 
a satisfactory philosopfi^ tosvards life \\hi!e suScring from coronai) di 
scasc, but also presents our patients from becoming unntcessarih da 
couraged If so discouraged, ihc> ma) \-isit chiropraaors, osieopaUu. or 
Christian Scientists. These culusts mas tlien tell tliem there is nothing 
urong uuh ihcir hearts and rcccisc credit for successful treatment, since 
so often these patients can cany on useful, actise lives for man) )cars. 

Tlie head of one of the largest insurance orgaimaiioiu in this couiitr) 
s.nd the oilier da>, "It seems to me that most of the people sou adsisc 
us to reject for life insurance because of their hearts act as pallbearers 
for the ones )ou tell us to accept.*' This is a challenge. U docs seem 
natural fur an individual uho knows he is not loo per cent healiliy from 
n cardiovascular scand|x)im, to take such care of himself tliat he uu) Inc 
longer than the individual who considers himself sound. This was first 
brought home to nic when I was working wiili Sir James .\facken«e in 
1920 at St. Andrews in Scotland. He told me that he had his first sub- 
sternal discomfort when he was 19 years old. When 1 was working "iili 
him he was G7 years old. At that lime he was playing the N’o. 1 Su 
Andrews course in and 86, and the rest of us were playinff it h* J^ol 
He died fmallv of a coronary thrombosis at *7*1 vears of age. Dr. Tlwjer 
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No cxinunauon or test can take tlie place of a careful lustory, ob 
lamed by the physician upon uhom rests the responsibility for the 
pitiems care The electrocnrdK^am, if chanctenstic clnnges are pres 
ent, is often the deciding feature in the diagnosis When the history is 
etyuvsocal, the pUysscaV exanttimton ncgxuxc and d\e ekcuocatdtDgram 
normal, the anoxemn test’ Ins proved helpful m demonstrating, ob- 
icctivcly, diminution in the coronary reserve 
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CHAPTER XXII 


CORONARY DISEASE INCLUDING 
ANGINA PECTORIS 

William D. Sfrolii, M.U. 

Introduction: The subject o£ coionary insuincicncy, coronary disease 
and angina pectoris should be a most interesting unc. nut only because the 
majority of the patients seen by a physician uill sooner or later suffer 
with such a picture, but also because most physicians must expect to die 
uitii this condition. It therefore bchooccs us to learn as much as uc C4U) 
cuncerning its preseution and treatment. 

Since coronat 7 artery disease from a physiological and pathological 
standpoint has been cocered in Chapter XX, this chapter will deal 
mainly with etiology and treatment. Otie oj its mnin olj;ecM » to laive 
teith the physician n more optimistic attitude toward the future of nuii- 
vitliiaLs suffering mtih coromuy* imufficieucy, coiouary dtsaue, augnui 
pectoris ora healed coiouary occlusion. The term coronaiy insuffiricnev 
is included since there arc many jxilicnts sulfcring from this syndrome 
tlue to palfiology in the fiist part of the aorta or 5ccond.iry anemia or 
advanced aortic insnfncicncy without actual coionary disease. 

At this |>oInt I should like to stress the fact that usu.i]ly tiie ctiolo 
gical factor in coronary insuIHcicncy, coronary disease, angina pectoris or 
a coionary occlusion is one jxitliological jnciure, namely arierioscleiosis 
with or without hy{>ertcusion. Many physicians still feel tlieie is .t dif- 
ft'icm jvuhology' prixlucing the symptoms of angina jx;ctoris, cotonary 
sclerosis or coionary occlnsiun. Although this is still a deb.itah]c jKiiiit. 
yet I feel it cleats the situation if we cousidcr the main underlying c.uisc 
of this syndrome .is .iticriosvlcrasis and that the subjcctice symptoms of 
cotonary insuUicicncy, angina pectoris or coronary occlusion arc prob- 
ably the result of the same 1 >|k: of underlying jiailiology manifesting 
itself in a slightly di/Terent manner. 
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To urge optimism may seem strange uhen one realizes the enormous 
toll this disease is taking in our country, but from a selfish standpoint 
ive should be optimistic. Such an attitude not only helps us to deselop 
a satisfactory philosophy tot\ards life while suffering from coronary di- 
sease, but also prevents our patients from becoming unnecessarily dis- 
couraged. If so discouraged, they may visit chiropractors, osteopaths, or 
Christian Scientists. These cultists may tlien tell tlicm there is nothing 
wrong with their hearts and receive credit for successful treatment, since 
so often tliese patients cati carry on useful, active lives for many years. 

The head of one of the largest insurance organizations in tins country 
said the other day, "It seems to me that most of tlie people you advise 
us to reject for life insurance because of their hearts act as pallbearers 
for die ones you tell us to accept." This is a challenge. It does seem 
natural for an individual who knows he is not loo per cent healthy from 
a cardiovascular standpoint, to take such care of himself that he may live 
longer than the iiuUvidual who considers himself sound. This was first 
brought home to me when I w.as working with Sir James Mackenzie in 
1920 at St Andrews in Scotland. He told me tliat he liad his first sub 
sternal discomfort when lie was 49 years old. When I was working with 
him he was {>7 years old. At that time he was playing the No. 1 St. 
Andrews course in 84 and 80 , and the rest of us were playing it in 120! 
He died finally of a coronary thrombosis at 7,*^ years of age. Dr. Thayer 
of Baltimore told me that for the last ten years of his life, while carrying 
on a large consultation practice, not a day jxissed but Uiat he had a 
cardiac warning Therefore, wc aie really justified in being optimistic. 
Our attitude toward, sudden death from coronary occlusion has definitely 
changed in the last few years Wc used to lielieve tliat a great many cases 
of sudden death were due to coronary thrombosis This is true, of course, 
but recent statistics suggest that less tlian 25 per cent die suddenly m tlieir 
first attack. 

The following table well illustrates die increase in importance of cardio- 
vascular disease .is a cause of deatJi Wc must realize that the number of 
deaths per thousand of population from caidiovascular disease is often 
greater than that attributed to the "heart,” since cerebral vascular acci- 
dents, vascular nephritis and various types of fatal peripheral vascular 
disease are not included under "beart" in this table. 
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T/VBLE I 

Tev Leading Causes of Death in New York City, 1875 1930* 


I87j 


1885 


All causesf 

28 25 

All causes 

24 7G 

Pulmonary tuberculosis^ 

373 

Tuberculosis (all) • 

392 

Diarrhea (under 5) § 

316 

Diarrhea ( — ^5) 

257 

Diphtheria 

294 

Pneumonia 

247 

Pneumonia 

212 

Diphtheria 

146 

Smallpox 

124 

Heart 

123 

Violence 

99 

Violence 

95 

Heart 

93 5 

Nepliritis 

87 

Nephritis 

59 

Cancer 

51 

Scarlet fever 

51 

Scarlet fever 

45 

Cancer 

41 

Typhoid 

27 

1905 


1930 


All causes 

18 32 

All causes 

10 76 

Pneumonia 

216 

Heart 

214 

Tuberculosis (all) 

238 

Diarrhea (—5) 

157 

Nephritis 

147 

Cancer 

1165 

Diarrhea ( — ^5) 

145 

Pneumonn 

1156 

Heart 

144 

Violence 

81 8 

Violence 

109 

Tuberculosis (all) 

73 1 

Cancer 

73 

Arterial disease 

50 7 

Diphtheria 

38 

Nephritis 

41 

Typhoid 

IG 

Diabetes 

25 6 

Scarlet fever 

12 

Appendicitis 

159 


• This table compiled by the Metropol tan Life Ins irance Company of Ncs/ \orV. 

f Death rates from all causes are per 1000 of population 

j: Death rates Stem tuberculosis and other auscs except djarrhea are per 100 DOO of 
population 

§ Death rates from diarrhea under f»e jears of age arc based on the population under 
fisc 

The following table possibly is one of the explamuons for tlie apparent 
increase in coronary disease It was prepared by the Metropohuin I ife 
Insurance Company and suggests that if one wert born in igu one might 
expect to live to the age of 46 If one were born in 1930, one might 
expect to live to tlie age of 57 I suppose if one were born in 1939 now 
that Uie government is to take cue of us, one may expect to live foreverl 

31 
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lABLn II 

ExrrcrnioN or Liie \t ilmm (NlLraorouTW Life IssiribVNCF Compvs^, 
Indusirivl Du vrimivt, 1911 to 1930) 


\car 

FxpccuuonofVean 

1930 

57 30 

1929 • 

55 78 

1928 

55 88 

1927 

56 12 

1920 

55 02 

192j 

55 51 

1921 

55 62 

1923 

51 j5 

J922 

5501 

1921 

55 08 

1919-1920 

51 11 

1911-1912 

16 63 

Gain 1930 since 1911-1912 

1073 


ETIOLOGY 

One of tilt biggest ad\ uiccs in ilit pitteniion, diagnosis and treat 
inent of car<Iio\ isculni disease in the last 15 or 20 )cars Ins been a rccog 
nition of l 1)C etiological factors so that nou, no i>h)sician is justiGed m 
jirognosing and treating a case tmlcss he is as ncarl> j)ositi\e as he possibly 
can be, of just uhat the etiological factor is These hue nou been iiai 
rowed to four ju un gioups 

t CongcniLal 

2 Rhcuinaiic 

3 S)phihuc 

j ArtenosclcroiJc (with or without h>perlension) 

^Ve believe tod ly there is no clnonic caidiac damage from diphiliena 
pneumonia or ih^rotOMCOSis There aie oixasional cases of bacterial 
endocarditis due to gonorrhea or infliicnra but these are very rare, so 
tJiat vve feel that ilie above foui gioups cover the etiological factors winch 
produce dnomc caidiovascular disease This chapter naturally deals wall 
group 1 , arteriosclerotic cardiovascular disease with or without hypenen 
Sion, since these are ifie paiiuiis who develop signs of coronary insuf 
ficiency and augma pectoris or a coronary occlusion 
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Di. Steuart R Robeilii uiite^ We call a ijndioine ebsentnl angina 
pectoris, or essential Ji>periension or ncicous indigestion, but m realit) 
It can be explained on the basis of the spasm of muscle in diffeient 
s)stems dependent, not primarily upon an organic or cellular pathology 
of that system, but laihei ii{x>n the spasmodic aptitude and constitution 
of the indiMdual As is die gear of die nervous system, so is the presence 
or absence of spasm The uhite man, particularly one living a life of 
stress in uiban conditions of compemion, work and strain, makes his 
little plans and lays up cares and riches and takes mucli thought of die 
monow. the negro knows Ins weekly wage is lus fortune, takes each day 



4.0 so 60 70 

CiiAAT 1 Vgo ai Cm auavk in ail o$cs Rcvieu ut 2S7 ca^cs 
(Conner and HoU Am Heart J ) 


as It is, takes little or no thought of die morrow plays and lives m a state 
of play, huriies none and worries Imle What must it be to live unliur 
ried, unworned, superstitious but not ambitious, full of childlike faidi, 
satisfied, helpless plodding plain, patient, yet living a life of joy and 
mleiest’ 

This conception is an attractive one. but it has been qualified In a 
personal communication from Dr William Allen of Charlotte, North 
Caiohna, lie concludes fiom staUsiJCs and Jus own personal observation 
the following 'I suspect die jiatient, long suffering, noncoiiiplaimng 
hewers of wood and drawers of water have as much coionaiy disease as 
the wluic folks '■ At least it is thought that angina pectoris is less prev 
alent among the colored Dr Howaid Spiagiie of Boston tells the story 
of two well known physicians visiting a plantation in the South, who met 
a negress over 102 years of age One doctor said to her, ' Now, Mandy, hovv 
come that you liave been able to live heie for 102 yeais when all your 
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friends and relatives have died so much sooner? Do )ou know why?” 
Mandy said. "Yes, 1 know why it is. When I sits I sits loose.” I agree wiUi 
Di. Sprague. That is what we should all do if we have angina pectoris. 

Dr. Joint Paul of New Haven tells me tltat his experience with the 
Indians in our Western states suggests Utat they also "sit loose." 

We must remember that this is not a disease of old age. The largest 
incidence appears to be m the sixtli decade with the peak around 57 
years of age, as suggested by the chart on the preceding jtage. 

Recently more and more cases are being reported in the fifth, fourtli 
and even third decade.'^ 

In 1930^ I was bold enough to offer the following table as possibly 
including the main etiological factors in producing coronary insufficiency 
with uUtmatc coronary occlusion. 

Tnr Storv of the DEVELOf\it.vi of Coros'arv 
D1SE,\SL and CokON’ARV OCCLUSION 

Jn fariu'iies luih a history of the degeneratne C)pcs of cardio* 
vascular disease as the usual cause of death, an imhvidtial is born 
with ahypcrimtablc vasomotor sysicni, i.e, a "spasmogenic aptitude." 

This invidual is exposed to the necessary environment wlncli may 
consist of 

1. Frequent emotional upsets. 

2. Infections (tonsillar, denial or oUier su'epiococdc infee* 

lions) 

3 End products of improper dicU 

4 Insuffidciu intestinal and renal climinaiion. 

5. Excess of nicoiin, coffee, tea. and so forth. 

G Obesity or diabetes 

7. Excessive or prolonged pliysical effort. 

8. Long liours of nervous tension and mciual concentration 

and inadequate vacations 

Coronary Sclerosis Develops 
followed by 
Coronary Occlusion 

Of course these factors aie not original wiUi me. They have been 
taken from the work of men most interested in attempting to discover 
the etiology of this condition 

(1) It is pretty generally .'idinitted that heredity plays a part in tins 
picture. It may be possible, therefore, through a careful family histoiy, 
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to find children uho aie potential coronary cases Altliough difficult, tve 
may be able to steer these children through life ivitbout encountering 
loo many of tJiese etiological factors 1 realize it is piaciically impossible 
to prevent some of tliese fnctois from entering die picture 

{2) It IS still a debatable point as to whether 01 not frequent m 
fections, and especially streptococcal infections, contribute toward the 
more rapid development of arteriosclerosis The nnm point m favor of 
diis possibility has been the paUiological picture of the coronaries seen 
in the hearts of cluldren dying of rheumatic fever in die first decade of 
life 

(3) There is niucli to be learned concerning the effect of diet upon 
the human orginisni and its rehtionslitp to hypertension and arterio- 
sclerosis ClioIesteroIS and Mtamm B are the most recent factors under 
discussion I think u is safe to say that very few physicians today believe 
that a salt free diet is indicued m this syndiome except in the presence 
of edema Moie recently it has been claimed that a low protein diet is 
not only of no value but may actually be harmful c If we reduce the 
piotein 111 the diet below tlic average daily need of die body, it is sug 
gested (hat this may cause anemia and a low plasma protein Since both 
of diese factors may increase the permcabdity of the capillary wall, diey 
may help to bring on congestive heait failure with edema, in patients 
suffering with hypertensive arterioscleroiic cardiovasculai disease 

(4) Most people in dus country Iiavc been trained, through diet or 
medication, to insure a satisfactory daily intestinal elimination Person 
ally I believe this is important, even if one must resort to a saline laxa 
live for die rest of one s life The necessity for sufficient fluid in take Ins 
not been so well advertised, but I believe most people are conscious that 
m order to have efficient renal elimination there must be sufficient fluid 
taken into the body during the 24 hours 

(5) It IS a comfort to note that no one has been able to prove that 
alcohol plays much of a part in dns condition In fact. I think most in 
ternists liave decided that alcohol, m moderation is probably good for 
the average individual past middle life It certainly does not seem to be 
contraindicated in patients suffering widi coronary insufficiency or angina 
pectoris and often will relieve die pain On the other hind, tobacco, 
especially 111 certain patients in dus gioup, is definitely contraindicated 
Aldiough tobacco never has been proven to be a factor m the develop 



^52 CARDIOV ViCUL.\R DISE \SL 

jiieJU of arteriosclerosis, )tt most people uitli coionarj insuOicieiiC) lu\c 
Ic-iined for themselves titey have less |uin if the> give up smoking One 
patient admits that if he smokes i cigarette after breakfast and then walU 
to the garage lie will aluajs have substern d pain If he docs not smoke 
a cigarette after breakfast and walks to the garage he never has sul>- 
stcrnal pain and )et he goes on smoking! I believe, unless used to greu 
excess coffee and tea are not factors in cithci producing artcrioselerosjs 
or pioducing s>mptoms in die presence of coronary insufficiency 

(G) Although thin peojile can have hypertension and coronary di 
sease yet I think these conditions ire much more pievalcnt in the obese 
Certainly patients with Jugh blood pressure who irc overweight can m 
many eases reduce their blood pressure by leducing their weiglu W'ltli 
this rcducuon in weight the blood prcssuic will usually be maimaincd 
at a lower level for a relatively long lime Wiili such rcducuon m blood 
pressure those that have angmi of effort also seem to have fewer attacks 
I have heard it said tliac insurance companies refuse moic people for 
obesity than for any othei one condition Dnbcucs appear to develop 
artcnosclciosis more rapidly than nondiabetics but since the inuoduc 
tion of insulin this point has been questioned It is iinjiunant to limit 
the reduction in the blood sugar in jaaitcnts vvuh dubcies who also have 
signs of coronary insufficiencv since tlie he in muscle depends to a great 
extent upon glycogen foi its ciieigy It is tspcciallv im]>oriaiu to mam 
lam a normal blood sugar following acme cardiac infarction 

(7) As to excessive or prolonged physical effoit 1 believe this plays 
praciically no jxnt in the production of tins disease In my opinion there 
IS no such thing as an athletes licart The most reasonable cxplana 
tion for many athletes dying from cardiovascular disease in ibeii fifties 
and sixties is that they really irc boni with the spasmogenic aptitude 
or as Sir ‘Whlli im Osier h is it the projicr tubing It is this birthright 
windi makes them good athletes and they would most likely luve died 
at the same age whether or not they took part in ailileiics In oilier 
woids it IS ilcfiniiely questionable whether excessive physunl effort jilays 
any part in the dcvclojmiem of aiicriosclcrosis with or without hy]>ei 
tension This fact is well illustntcd In die leturn of a Harvard crew to 
Camhiidge for their rliss leiiiuon l-itli meinbet of tlie cicn was past 
70 yeais of age and ihev hwl I>ccn out of college for jO years Not a 
single man on the cieu had died except the coxsuamll It is rejioitcd tint 
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he died of coronal') disease. Of course ph)sic.il effort must be legulated 
in die piesence of liyperiemion or coroinr) insuITiaenc)’, but it is be- 
lieved today that emotion pla)s mote of a pait in producing s)inptoms 
in these patients, than does physical effort. 



iKtRf 1 lJ«.Liiocnri]io(;n)m< of C L., April 6. 1927 Lift aus ilcMaiion (probaM) due 
(erpauentr build) uiid i uttcs»()oH ampliiirjt. in all indirect lead} 


(8} IPe must admit th-it Jong hours of net lous tension and tnenul 
concentration iviih inade(\uaic relaxation and too feu* \acaiions, probably 
play a definite pait in this syndrome. Tins is one reason that so many 
physicians develop this coudtuon. For ouisdvcs and for our paiieius 
more relaxation during the 2 [ hours aiul moie frequent and longer vaca 
tions are certainly indicated. 

For many ycais, the subject of the similaiity of symptoms making 
necessary a diffcrentiai diagnosis between heart disease und gallbladder 
tlisc.isc has attracted a gicai tlcal of nttciuion. There is no doubt that in 
some cases biliary colic may jicrfcctly iiiiiuu .ingin.i pectoris and it is 
cciually (rue th.at occasion.iUy iMticnts «iih ttntjuaiy nwiiJIicicncy will 
exhibit symptoms lefeircd chiclly to the abdomen, indistinguishable 
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from those of gillblatltlcr disease Tlit, foUomug case Jiisicr) jiliisiratct 
this jxiint 

Mr C L. a^cd J9 jean a musical comedy’ si ir leading an actisc hft 
His family hutor) is suggcsiise of a faunhal uiidiiicy to cardiovascular 
disease Seen on ^\pri] 8 )927» he complained of substemal pain and 
breatlilcssncss on cxcrtioru Height. 5 feet II indies weight, 191 pounds 



liciu:” IJcciroar Jiosnmi ol Mn \ 11 \uguu 2. 1933 SligJ i Ictl axii dc'ui o« 
(IcproMxJ S T] 3 and y ai I elevated S T( (ul i teciin e) 

(of the high diaplingiu i)pc) piibc 76 blood pressure, systolic 112 
diastolic 68 No niunmirs dctecicd but die aortic second sound v*as 
slightly accentuated and nngtng in diameter suggesting some pathology 
in the first part of tfic aorta 

Cliolecsstograin rtvcaltd a laige gaUsionc and the gallbladdir and 
stone were removed two weeU later I he patient soon returned to an 
active life on the stage anti worked without symptoms for eight years 
when on July 18 193j lie died suddenly from a myocardial infarct 
This ease suggests that Uic fiaticnt lud coronary imiilficiciicy and that 
the rcmovil of die diseased gaUbhddcr resulted in a prompt diwpjicar 



CORON \RV DISEASE INCLUDING ANGINA PEG! ORIS -ioj 


uncc of s)niptonis ind appartiiUy in a Icssennig of ihe coironar) lusuf 
ficiency It seems possible that a diseased gnllbhddcr nia) contribute 
toward die pant of cases widi coronary insufficiency m niudi the same 
manner as docs tobacco In other words, while not prcKiucing artciio 



FicLKE 3 Elccltocsrdiogjsms of Mr* \ II June SO J9S7 Left axit dcMaiion 
Tj and T4 (old icdinic) ntwvu ihc same a» ttanng ot 1J33 Tj at d Tj la\e become 
uprighl iUE^oling ihctc may be a ictcnible effect it Uic galll ladder ui>on ihc heart 

sclerosis, it may, as an added insult, pioducc subjecine symptoms when 
coronary insulfitienc) already lmsIs 

Vnolhcr else wlueli illusttalcs the diiricult) m dilTcrcntnl tlngnosis 
IS IS follows 

Oil July 21, 1933, Mrs A H , au obese lady 63 scars old wink being 
treated for chrome bronchial asthma by Dr J A Clirkc Jr at the 
Jefferson Iluspiial developed an aaite epigastric pam with nausea and 
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all the usual sjmpionis of shock Thac was mild Icukocjtosis and a 
Cdjrile reaction for liircc days Ihc clccirocardiograms 12 da)s later 
shoned slight left axis dc\iation depicssed STj 3 and ^ and elevated 
S T4 (old tcdinic) She was diagnosed and treated as a case of cardne 
infarction (refused gallbladder study) 

November J5 19)3 \o subjective cardiac symptoms except fatigue 
Weight 18 j pounds pulse /2 blood pressuic — systolic, IIQ diastolic, 88 
Slight heave to the precordiuni but no murmurs (refused gallbladder 
study) 

December "^3 1936 Hail heart attack in Monte Carlo when Italian 
Heart Spccnlisi said I could not live through the night As he vicnt out 
the door he left a card of an undertaker which lie had with him!! I was 
pulseless 

June 3 1937 Weight 20a^ pounds pulse 76 blood pressure — 
systolic 113 diastolic 88 Short svstohe nuiniuir at the apex and base 
The aortic second sound a little accentuated and ringing 

Janvar) 2 193S \ttack of subsicrual and cpignsinc pain with shock 
Relieved in one hour by a hypotlcmuc of of Jieroin Two hours later 
still slightly sliockcd Pulse 80 blood pressure — systolic, 128 diastolic 88 
Munmirs and aortic stcoi d sound as before Diffuse asthmatic rales 
throughout both lungs 

October 18 1938 Died stiddcnlv due a])parcntlv to an aaite 
paroxysm of bronchial asthma Heart normal m sue except 

musculaimc of the right ventricle hypctirophicd (8 mm) Considerable 
aiheroinatous and brittle calcium plaques mvohing the arch and descend 
mg aorta and the mouth of Uie left coronary showed a little sclerosis 
No evidence of cardiac uifarciion Microscopically some myocardial 
fibrosis C tllbliddci disteiidctl and contains about 20 dioleslcrm stones 
varying in size from gravel to 1 nun in diameter Lungs suggest asthmatic 
death 

This case illustrates how extremely difficult it is to dillerenuate be 
tween an attack due to gallbladder disease and an attack due to coromry 
insufficiency or even a coronarv occlusion In my opinion after review 
ing the history electiocardiograms and autopsy in this case all of these 
attacks were more related to ilic gallbladder than to tlie heart 

In a personal communication to tlie author Dr I S Ravdm of the 

Ihiiversity of Pennsylvania writes as follows i Under ordinary condi 

tions I believe gallbladder disease may be die primary lesion and the 
cardne disease secondary z In the majority of instances I believe a 
pre exisung heart disease is made worse by gallbladder disease 3 Tlie 
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best results I ha\e obtained tii patients ujth tocMsunjj gallbladdei 
disease hate been in those patients wiUi angim. j Properly prepared 
bcfoie operation and t\uh adequate precautions during and after opera 
lion, the risk of stager^ is not great In tn^ ouii senes at the Uuiteisiiy 
Hospital in the last 5 { patients with evident cardiac disease, in 22 of 
uhom there lud been signs of some heart failure, there was but a single 



IiccrM Llcctn3aii5i<ij,ranis of 'Its a H January I, ID'3 'inincular i[)iiij)l(Nfs 
atul IMS (kstaiioii Ow saaic as picsiuus clcciiuraidic^rami Uiprc’kscd ST uuinjls ■>) 
all tout liaJs iciiinst) a tlWxl Pa\>i.ni Wait laVcn 

IjA giaiJjN ilircc times a Ua) for 30 da)s bus iitmc for 72 hours litfoic liasinj, ihe 
cl«t!oearili«ij,nnis at the sugf,cslit‘i» of the fainil) I>li)SKiaa so ilm ihi- digilahs Mould 
not alfcu tlic ckctrociriliograins 1 ' 

death following operation m nonj lundiccd patients I agree wall Hr 
James While of Uosion that puicnis wuU angina and gallstone disease 
liad better ha\e the giUbladdci rejno\c<l. In :u> cxpcncnce the niajont\ 
of tliese jjaiieins gam a great deal of lelitf. * 

/Vlihough It confuses the issue, it is oiiK fair to quote Ur H. L Bockus 
of Philadelphia; ‘*ff ihc incidence of corouur) disease is higher in nnics 
and the incidence of gallbladdei disease is higher m females, hotv can 
ihcic be any lelationslup from tlit staiMl|K)iiu of ciiologyr'' 'Hus obscm 
tiou woidd suggest that gnllbladdcr disease does not nctcssaidy proihue 
heart disease or aiteuosclci osis. but it is still my impression tint ddfci 
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entiation betueeu attacks due to gallbladder disease and those due to 
coionaiy disease is often very difficult 1 also feel that m Uie cases sug 
gesung coronary insufficiency the gallbladder should be carefully studied 
as theie is considerable e\idence lliat tlicic is an effect upon the heart 
from tlie gallbladder tvhidi may be reversible if the gallbladder is 
removed 7 

TREATMENT 

Treatment has been defined as the art or science of amusing a sick 
man with frivolous speculations about his disorder and of temporizing 
ingeniously, until nature eitlier kills or cures him There is much to be 
said in favoi of this type of treatment in cndiovascuhr disease and dus 
IS one reason we should he opuuusitc and encouraging so long as ue pro- 
tect the patient by regulating Jus daily routine so tint he will only do 
the things we wislt him to do and avoid the tilings ue wish him not to do 
This I believe is possible m a majority of patients without telling them 
they have angina pectoris or have had a coronary occlusion The news 
papers and periodicals are so full of tliesc diagnoses Uiat the average indi 
vidual who knows he lias had one or the odicr expects to drop dead any 
minute It takes an unusually philosophical mind to live happily undet 
such circumstances and I feel physicians are producing more suffering 
tlirough such fear tinn coronary insufficiency luelf This is especially true 
in cases where such diagnosis is based on questionable electiocardio 
graphic findings alone 

In my opinion no doctor should tell a patient he has angina pectoris 
or a coronary occlusion except under iiiiustia] circumstances If a patient 
asks if he has angina pectoris say No you have had a temporary anox 
einia of a portion of your myocardium or if a patient asks if he has had 
a coronary thrombosis say No you have had a relatively permanent 
anoxemia of a portion of your myocardium These statements are true 
and should certainly impress the patient witli your vast knowledge If 
you tlien explain that at Ins age he has temporarily asked his heart to do 
a little more than it wishes to do he will probably follow your advice 
widiout the constant fear of sudden deatli 

The eminent psychiatrist Di AV R HoustonS of Austin Texas after 
spending most of lus life m China has siiiiilai ideas concerning the China 
man to those of Dr Roberts concerning tlie colored race It is he who 
deserves credit for the term spasmogenic aptitude to describe an appar 
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ently inherited prompt reaction to nervous and emotional stimuli. To 
quote him: “\Vc have found oursehes forced to place it (spasmogenic 
aptitude) in the dim category of constitutional defects— constitution 
makeup, as it is of sometliing inborn, sonietJijng taken from environmem. 
The psychic, lohicli menus the most delicate of the mecliauisms by winch 
we make our adjustments to envhonmenl, is the best approach we have 
to the task of ameltojaliiig evils that come from a spasmogenic aptitude." 
Coronary insufficiency, angina pectoris and coronary occlusion are, I 
believe, amongst these evils. In order to treat and pretent them, every 
physician must become a psychiatrist. This takes time and tact. He must 
often readjust a patient's entire life both at home and at tvork. 

Dr. Houston furtlier states tltat essential hypertension is virtually un- 
known in China; that iie has never seen a case of angina pectoris in a 
Chinese, and if we sliould avoid spasm, we should be as the Chinese, "Ah 
yes, the Chinese lack the spasmogenic aptitude— placid, gentle, peace lov- 
ing— Buddliist— their ideal, the serene calm of Amida Buddha, with closed 
lids and folded hands— symbol, the lotus flower scarcely swaying o\er Uie 
still pool." 

The second most impoiiant form of therapy, the first being a sympa- 
tiietic approacii to tiic subject, is sedation. Most of these patients are 
poor sleepeis and I believe they gain much from increased hours of sleep 
and relaxation. The average patient can take 8 to i6 to 32 mg. to 14 
to t/n grain) of phenobarbital, or an equiralent amount of sedatives, four 
times a day. This usually will act as a brake upon his reactions to various 
physical, nervous and emotional stimuli. His blood pressure will prob- 
ably not rise quite so much and he will be more continuously relaxed. If 
possible, lliese patients sliould rest an hour either just after Uie noon meal 
or before tlie evening meal and of course the pernicious habit of a large 
evening meal should be stopped. 

Patients with coronary insufficiency or the anginal syndrome can 
secure much relief from nitroglycerin. A low blood pressure is no con- 
traindication to this drug as most patients -with this syndrome do not de- 
velop the annoying symptoms which normal people develop, upon taking 
nitroglycerin. I believe nitroglycerin should be used much more fre- 
quently as a prophylactic. Many men who have previously had substernal 
pain on beginning an after-dinner speech, can prevent this by placing 
0.6 mg. (^00 grain) of nitroglycerin under their tongue just before rising 
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to speak Others ^^ho ln\e sufTcred uitlt chest picssuit atu! suhstcnnl 
pain ujwn AMlkinj a feu blocks after a meal, can prc\tnt this b> placin^j 
o 6 iiig (i^ioo grim) of imrogl)Ctini under then tongue just before lei\ 
ing the house 

EspecnlJ) in tJie presence of Ji>/)ertemion attacks of suhstcnnl jiaui 
nu> disappeir following prolonged hcil rest with batluooni prisilcges for 
siv niontlis oi more iindei pic isaiit circutitst inccs and in i> not return foi 
many months or years 

Whciher or not the \amhm picparaiums help in this syndioine is 
still being debated Ccrtunly intraxcnoiisly aminupliyllin 0259 Cm 
(j grains) will ofien iehe\c the pain of i coroniry occlusion but iisinlK 
morjihinc or dilaudid will do tins done \fost pliystciansgive tlicophylhn 
ethylene diamine 009', Cm ( 1 1^ to •) grains) tin ec times a d ly to these 
jiaiicnis More lecently iheohroimne sodium afciaie, o >y Cm (71^^ 
grams) three or foui times a d ly Ins been adioeiicd as less irrit uing to 
ihegastromiesunal tract uid just aseflicicmin in \astul ir dilating pouers 

If all of the above measuio aic unsuccessful m preicming such a 
liaticnt from becoming a lotd lusalid siugical piocedmes must be con 
sidcrcd The simplest of these uuucly, jiarucriebnl injections of alcohol 
IS described m Cli ipter WWIII and linally the ojicrations of Dis Ilcck 
ind SInunessev can be considcicd These operations ne discusstd ni 
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accompanying acute inyocatdial infarcuon istluc to an inf.iitl oi to tljc 
niorpiiine. DiJauditl,2 ing. gum) , isappaiciulv cqin\alcnt iooo>(» 
Gin. (i/^ grain) of morphine sulEiie ulicii given Jivj>o<IcniitCv(IIs and is 
becoming more and more popul n and ceriainjy in some paiicms it seems 
to be less nauseating. Mthough tlic sympioiiis of shock, slionld be treated, 
yet I am impressed uiih the fact that these p.'iticnts aie loo often disiurbcd 
by physic.al e\.iinii)ations and unnccess.irily mdictl ircai/ncni .N.nure is 
a great iicalcr and perhaps the drop in hlood pressure is an elFort on the 
body's jurt to protect the msocardanii tspeciallv in the presence of 
cyanosis, an oxygen tent or a II L It N'asal Owgeii \fask nia\ be of gicai 
comfort and sometimes .^(jjwreiulv life s.iv(tig 

The patient should he alloued to .issuine the [losttioti in nhuh he is 
most conifortabJc. esen if at tunes be insists on silting on the edge of ibe 
bed or even in a chair I also bchc'c such patients, if iliev object siren 
uously to the bcdjwn. should he allowed to use a rommotlc by the side 
of the bed Of course the danger of such .i piotvdure must be cxplauud 
to the familv. but I believe u is usually justifiable since for most p.atienis 
llie use of tlic bctlpan places inoic strain on the cardiov.asciilar svsiem 
tiian sitting on a commode 
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patients suffering uiih coronary insufficiency as manifested by subsicmal 
distress or the typical anginal s)ndronie or a coronary occlusion. In the 
words of Sir AViJHam Osier "'riic best way to live a lojig and useful life 
is to develop a nice chionic disease and nurse it." 
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CHAPTER XXIII 


NOURISHMENT OF THE HEART BV CHANNELS 
OTHER THAN THE CORONARV ARTERIES 

By Samuel Belllt M D 

Introduction Nourishment of tlie heart by diannels other than 
llnougli the coroinry arteries u-as first suggested b> the svork of Pratti 
m 1898 His ivork together tvith the more recent observations of Kretz - 
^Vearn 3 and Grant and Viko * has aroused considerable interest m the 
problem of cardiac nounslimeni The observation that the heart may be 
nourished by cliannels other than the coronary arteries has been given 
confinuition by the finding of hearts where boUi coronary arteries uere 
occluded by chronic piocesses 1250 

Altlioiigh the occlusion had apparently been complete for many 
montlis tlie history of these patients revealed that Uiey had been able to 
perform considerable ivork up to die time of death Death in these cases 
had usuilly been sudden Cases had also been observed at post nioriem 
examination in uliicli the mouth of one coronary artery was occluded by 
atheroma and the other coronary artery partially stenosed and }et ac 
cording to the history the patients had been able to continue their work 
for a considerable period befoie deadi Tlie myocardial damage m diese 
cases IS much less tlian would be expected and infarction is often strangely 
absent 

TJiere are tliree possible means of cardiac noin isliment oUicr than the 
coronary artery 

1 The extracaidiac anastomoses 

2 The thebesian vessels 

3 Reversal of flow in the coronary veins 

The myocardial circulation can best be understood by following its 
embryological development The irrigation of die embryo s heart is first 
accomplished by the muscle being perfused through sponge like sinusoidal 
32 ( 463 ) 
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spices uhidi recei\e their blood from the cavity of the heirt itself It is 
these openings into die sinusoidal spaces, still persistent in the adult 
(although considenbly narrowed and in some instances ilmost obliter* 
ated) that aic commonly called \enae miinnne coidis, or the veins of 
Thebesius The ne\t cardne vessels to appear are the veins which bnnch 
into the substance of the m)ocaidiiim Their development is followed 
b> budding of the arteries which likewise nmify m the embryonic beau 
will The finer termimtions of both venous and arterial sprouts are capil 


VENOUS circulation! arterial circulation 



(VIEUSSEItS I70e) 

SINUSOIDAL CIRCULATION 


Diagram of m)ocarilial urculjlitm Diagnni is based u|>oo the cn)l>r)Oln^iul oiigin 
avid "svluli <jC ncssaW and ilw. cwplwwl OJUxiuiiliU: 

points of \icn and twill thi (crniiiiology laterally cmplojcU in the \jscubr sj^icni In 
detelopmcnt the endocardial sinusoidal s)sicni desdops first the cpicardial venous vessels 
develop next and fiiullv the cpicardial arterial vessels develop and ^oin the oilier tvto 
foniiing t aimrnon capillary Ik-u flic ciiducatxlial or cpicardnl ori|,in of the vovcis as 
v\cH as ihcir various modes of inteieonncctinn arc indicated m the diagram Sivlsoiual 
OSTIA are present in all four diambm of the heart lNmv»soi.s asasiomosfs have long 
been CDiiiiiion tnunlcdgi Ihcy arc obvious niih the naked eye Sisi soiiiov£.sols anas 
TOMOSRS have Irccn rccognizal b) Ihcliesiiu (1708) Vcrhcycii (1712) Lancuuis (1710 
I>u^lhllIIlO(lS) wn Ilalkr (I'W) Vlicrnatli) (1798) Uodidclak (1868) von f-angcr 
(1S80) Iran (1808) Nussiwum (191^ krcii (1927) VVeani (191.8) and Cniit an 1 
Viko (1029) SiNUsoiix) ARiiWAL ANASTOMOSIS were dcscTilKtl by VlKnuihv (1798) and 
by VVearn (1928) \rti-RIOvl.noi.s vNvstoviosts wcie described and figured by Niissluum 
(1912) Intirvrtijuai anastomosis aic tqiorted by TliclKaius (1708) von }|j|Ur (1780) 
Moieruni (17C1) Sciuc (1719) Catdatii and Caldaiii (IflJO) Krause (1879) Jarain and 
Merkel (1M7) Spalteholz (1907 and 1921) and bv Ctoss (192[) iiMsonwcAiii^ti 
(A>\SK.-Tioss an rtcognired by Vimssciis (ITOT) Iheliraius (170S) Winslow (1770). 
Verheven (1712) L.'tncisuis (1710) Ikwliddak (1668) HctiIc (1680) llytil (1881) 
Langcr (1680) Cross (1921) and Cnni and Viko (192J) (rytkjicdia of Medianc 
I A Davis Co) 
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hry in characier but true capilhnes cannot be said to be present until 
the developing arterial and venous capillaries have joined with each 
otlier and witli the sinusoidal (thebesian) circulation Now for the first 
time (in rabbit einbqos of 17 mm in lengtli at about Uie third week 
of fetal life) can blood follow tlic traditional elementary circuit of artery 
capillary and vein 

The motion of a small artery ending tii a capillary and tins in turn 
drained by a small v ein is an elementary one w hicli peculiarly persists as 
far as the heart is concerned although for 300 years attempts have been 
made to show its inadequacy On die arterial side the piesence of a rich 
anastomosis between the coronaiv artenes has been definitely established 
by the work of Spalteholz \ussbauin '* and Gross The maMmum size 
of these connections is still in doubt but it is probable that iliev mav 
attain an arteiiolar size The presence of intravenous anastomoses is a 
matter of common knowledge ■\rtcriovenons anastomoses* are known 
to be present elseuheie in die body and have been seen by NussbaumS 
in the heart He believes that this system which he found in the epicar 
ditim senes to transmit blood from the aitenes to die veins during svstole 
when the capillaries are contracted The number and frequency of diese 
anastomoses Inve as yet not been entirely worked out in the human heart 
(see illustration page 464) 

r EXTRACARDIAC ANASTOMOSES 
\ on Langeri <3 gave a complete account of the e\tncardiac anas 
loinoses The most important extracardiac arterial connections seem to 
be the communicauon between the coronary artenes and the bronchial 
arteries through the capillaries of the vaso vasorura of die first part of the 
aorta and the pufmonary artery because the occlusion of the osaa of the 
coronary arteries has been frequently acconijiamed by an obliteration ol 
the lumina of the vessels for some distance beyond die point of ongm 
the extracardiac connecuon widi the vaso vasorum of tlie great vessels 
could not be essential for maintaining the circulation m these cases The 
capillary bed of the aorta in the region of the sinuses of Valsalva is so 
small that it would seem diat such anastomoses could nounsli at best but 
a small poruon of the myocardium 

* ilalDcrU® lias tejjoried 3C ofcalacarctoco ae'^m IdicosiseUna 
de comm n cauo between tl e aorta and Ihe t gl i a » u \ and 11 -as na. >c ated h 
atd ac d uibance dur ng 1 fe. 
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A third group of \ascular cltannels ivhich arc believed to liave con- 
siderable importance in the ni>ocardial nutrition upon closure of the cor- 
onary arteries are the thebesian vessels. 

II. THE THEBESIAN VESSELS 

TJie discovei7 of thebesian vessels w.'isciediicd to Vieussens.ii but the 
first full description ivas by Thcbcsiusi2 in 1708; since that time, many 
investigators, Hallcr.i3 Abemathy.i-* BochdeUL,i5 Langcr.io Pratt, 1 
, Krctz,2 ^Vcam,3 Gnnit and Viko^ have studied their anatomic connec- 
tions and physiology. Tiieir presence has usually been determined by die 
injection of various substances, air, water, mercury, waxes, celloidin, to- 
gether with dissection or corrosion, and by perfusion cxj>erimcnts. 

According to Grant and Viko,^ there are tJirce main types of thebesian 
vessels. Tliese, how ev er, merge one into the other. Thescare: (j) Vessels 
subdividing into trees ending in a capillary network and ramifying in the 
endocardium of the underlying muscle. (2) Channels uniting neighbor- 
ing foramina, and showing ail v-ariattons from line anastomoses between 
neighboring trees and tntertrabectilar spaces. (5) Vessels uniting fora- 
mina witli the coronary veins and showing all variations from fine anas- 
tomoses between the tliebcsian tree and coronary vein to direct communi 
cation of the coronary vein and the ventricle. 

The ostia of the thebesian vessels arc observed as small depressions or 
crypts in the endocardium of both auricles and ventricles. However, they 
are moie numerous in the right ventricle, especially toward the apcK and 
in the papillary muscles. 

1 . Embryology ; The embryology and physiology of the iniertrabccu- 
lar or sinmoidal spaces have been investigated by LewisiT and by 
Grant.i8 Very early hi embryonic development (in rabbit embryos 85 
mm m length) the mvocardium of the auricle is seen to be pierced by 
endothelial outgrowths which form capilkiry’ sp.iccs between die muscle 
and epicardium Similar outgrowths later appear from the outer portion 
of the ventricle, forming cpicardial capillaries, which are extensions from 
jireviously existing in ter trabecular spaces or sinusoids of the ventricles. 
Grantis found that in embryos of 17 to 20 mm. the inicrtrabccubr 
spaces are present as wide spaces between tJie growing muscle bundles, 
but tlicir continuation into the compact myoc.irdiuin cannot be distin- 
guished from die fine ramifications of die seins and ancrics iherc, and all 
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three vascuhr structures together appear as a capillary net^\ork m tint 
region 

According to Leivis i" further dexeJoproents is marked by a continuous 
grow til of the arteries and \ eins and by a regression of tlie intertnbecular 
spaces, the muscle columns coming together reduce many of the spaces 
to strands of epithelium mthout lumen * Grantis has been unable to 
satisfy himself tliat actual obliterauon takes place It seems to be quite 
generally agreed that the sinusoidal circulauon is replaced by the coronary 
circulation According to Grantis the outermost intertrabecular spaces 
are narroued down by the compact myocardium to capillary tubes ulnch 
ire joined by the coronary vessels extending inuard to the epicardium 
The capillaries arising from die central and inner intertrabccuhr spaces 
retain tlieir connections uith the ventricles The ventricular communica 
tions persist in the adult as the thebesian vessels of the ventricle 

2 Anatomic Connections and Physiology The thebesian vessels 
connect the ventricles and tiie coronary veins by channels of very large 
size This Ins been slioun very conclusively by die ease uitb uhicli var 
lous preparations of duck consistency injected into die coronary sinus 
reach the ventricular chambers The connecuon betueen die coionary 
arteries and the ventricular diamber is sail questionable Most mvesti 
gators have been able to show only a capillary connection However 
Abermihyi-* and WearnS believe that these connections ire ^^!e^ola^ in 
size 

Where both coronary arteries have been occluded it is the belief tint 
die myocardium receives us nourishment through the thebesian vessels 
If the occlusion is a gradual one, nutrition by this means would be fi 
vored Under such conditions die flow of blood would be away from the 
ventricular chambers into the coronary vessels The belief diat the heart 
may be nourished by die diebesian vessels rests chiefly upon two series of 
experiments (i) The injection of various masses into dead hearts show 
ing the connections by means of the thebesian vessels of the venmeJes on 
the one hand and the coronarv arteries and veins on die other and { 2 ) 
die successful perfusion of die isolated heart through the thebesian 
channels 

• Grantis and Bdlcl and Goulc)"® Ime each rq»ned cases of a toi gen iall> maUonoed 
heart in hi) ch there has a persistence of the sinusoids after fetal life Connecuons « ere 
traced by serial section bethcen them and the conmary vessels. 
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Most authors suppoiting the theory o£ cardiac nourishment by the 
Uiebesian vessels believe that these channels are Idled at die beginning of 
systole In view of the fact that double coronary artery occlusion vvas ob 
served in certain specimens and in consideration of die work before men 
Honed the explanation of cardiac nourishment by the thebesian vessels 
uas accepted as the only adequate explanation by which the heart could 
be nourished under such condtuons 

III NOURISHMENT BY REVERSAL OF FLOW 
IN THE CARDIAC VEINS 

In die endeavor to determine die direction of blood flow in die car 
diac chambers Batson and Be!lct2i performed a senes of experiments in 
the intact animal whereby paniculate mniter was injected into the pc 
npheral veins toward the heart The particles weie of such size that they 
could not pass dirougli the lung capillaries The panicles were uniformly 
found in the coronary sinus and die cardiac veins Under the condiuons 
of die expenment namely with a norma! or a rising intraauricuhr pies 
sure and a falling coronary artery pressure a reversal of flow occurred in 
the coronary veins It is well to remember in tins connection that the 
valve of the coronary sinus is insufficient m qC per cent of cases (Poirier 
and CharpyS** and YaterSi) These experiments suggested diat in cases 
of double coronary artery occlusion with a zero pressure of the coronary 
arteries the flow of blood during atrial systole is toward the capillary bed 
They believe that the blood (under die conditions of die experiment) 
enters the cardiac veins dm mg atrial systole from which it may flow in 
part into the ventricular chambers through the thebesian channels as 
weB as into the capiBary bed WnVi die onset of xemtiiadaT systoit vlw 
blood IS forced from the capillary bed 

It should be recalled that Pratti was able to maintain the hcartlieai 
for a considerable period by perfusion through the coronary sinus 

Tliat the heart may be nouiished by venous blood is shoiMi by the 
large number of congenital hearts where life is sustained for a consider 
able period of time by blood which is laigely venous It is not difficult to 
understand how the nourishment of the myocardium can be maintained 
by venous blood when it is recalled that the oxygen tension of venous 
blood ranges from 6o to 70 per cent while the figure for arterial blood is 
95 per cenL 
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These amhois believe tint the rcvcr^l of how nn) be an adjunct in 
maintaining; cardiac nourishincnt in cases of coronary occlusion Tliey 
also suggest that the reveisal of IJow in the coronal y veins by irrigation of 
the foimerly anoxenuc areas could explain the relief of pam in angina 
with the onset of decompensation and by helping to maintain tlie cardiac 
nutrition foi a brief period the occisional spontaneous recoveries from 
ventricular fibrillation 

IV ARTIFICIAL PRODUCTION OF AN ACCESSORY 
CIRCULATION OF THE HEART MUSCLE 
In view of die great incidence of coronai 7 occlusion various pro 
cedures mostly experimental have been tiied m an endeavoi to improve 
tlie myocardial circulation in the presence of occlusion of the coionary 
tnenes Hudson Moritz and Wearnsc observed widespread anastomosis 
of the auricular branches and the coronary branches to die pericardial fat 
and the pericai dioplu eiuc bi inches of the intern il mammary arteries and 
die anterior mediastinal peiicardnl bronchial sujienor and infeuor 
phienic tnteicostal and esophageal branches of the aoita They were able 
not only by coronary injcciion to inject the sinronnding stiiiciuies but 
also to show vessels in the heart injected through die thoracic bi inches of 
the aorta They behete that this extracardiac collateral cntuhtion is 
probably of significance in comjicnsaiing foi sclerosis of the hi^e trunb 
of die coronary arteries 

That the extracardiac anastomosis was increased by the presence of 
pencil dial adJiesions was shown by Moiitr Hudson and Oigam -• Tiicy 
observed a rich injection of the (wnetal pericaiduim and mjcctcd vessels 
v\ere observed exiending from the epicardium to the parietal peiicar 
dium These studies suggested that the reserve for cardiac cnculauon 
VNOuld be increased by the presence of |jcricaichal adhesions 

Cncouiaged by these results Beck and Ins co-u orkers ■» ^ performed 
experiments on dOjjS whereby a collateral circulation to the myocardium 
was produced by giafting tissue on to die myocardium The principle 
consists of the v isculanz ilion of in organ by the establishment of a col 
hicial atieinl oi auenohr bed K involves the union of blood vessels 
that arc loo small for anasioiiiosis by means of surgitil suture It can be 
regaulcd is a lyjic of plastic operattou the nearest approach to which is 
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tlic Tnlim Nfonson operaiioii for cirrhosis of tlie hvcr The Jniter in 
\ol\es venous ratlier tinn arterial anastomosis 

After successfully performing such an opcntiou in dogs. Beck pro- 
ceeded to opemc on patients The operation consists in grafting a part 
of the pectoral muscle onto the myocardium The lining of the parietal 
pciictrdiinn is roughened ctcryuhcrc so that it can become adherent to 
the myocardium Experimentally, in dogs it was possible to occlude com 
pletcl) the entire coronary supply except Uie septal branch, null recovery 
of the 'ininnl and uiihout the prodiicuon of infarction 

To due Beck his operated on 25 ixuients about ten of these ln\c 
died The results in the pitients ulio stirvncd the operation were at first 
quite encounging Recent results lioucscr, have not come up to the 
original expectations 

Other experimental methods for increasing the arculation of the myo- 
cardium have been attempted OShatighnessySO has established a col 
Idtertl occlusion 111 dogs and cats for coronary artery ligation by means of 
a pedicle omental graft Gross-JS lias observed a conspicuous increase in 
the extent of die vascular Led after coronary sinus ligation m dogs 

SUMMARY 

In summarizing tiicrc arc three {lossiblc means of cardiac nourish 
inent in occlusion of both coronary arteries (1) The extracardiac anas 
tomoses (e) by the thebesian vessels and (3) by the reversal of flow 111 
the coronary veins The possibilities of canhac nourislnncnt from these 
sources is tliscusscd The production of an accessory circulation to the 
heart muscle by engrafting part of the j>cctorahs muscle onto the myocar 
dium at first aiienipicd exjxn-mienlally has recently been applied chin 
cally uith encouraging ruults 
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CHAPTER XXIV 


THE NORMAL HEART, ITS OUTPUT AND 
THE CIRCULATORY RATE 

By John T. Kino, Jr , M.D. 

Introduction; Tlie heau maj be considered normal (L. normalis, 
from norma, rule or pattern) piovided it conforms boilt in function and 
structure with die pattern determined from the examination of the hearts 
of healthy individuals. The limits of the norm, or standard, arc cstab* 
lished thiougli tnspecUon, palpalwn, ffeicussion, auscultation and by 
special methods sucli as loeiitgenogiaphy, elcclrocardiogral>hy, detenmna* 
tion of arteiial and venous fncssurcs, l^olygiaphy, determination of the 
circulatory late, cardiac output per ininme. and tension of the blood gases. 

I. INSPECTION 

Inspection of die normal individual usually indicates the absence ol 
such signs of circtilatory or cardiac disorder as L)anDsis, d)spnca, orthup 
nea, and edema of the dejiendcnt parts. Peripheral pulsation, the degree 
of uinch can be dehnnted for the normal subject only by examination of 
many Jiealthy individuals, may usually be seen over the oirotid arteries, 
undei die outer ends of the clavicles (subclavians) , in die cpisternal 
notch (innominate) , and freqiicnil) over the brachial arteries, especially 
m elderly subjects Rarely, the radial pulse is visible. IVliilc the venous 
pulse ill the neck consists of three waves, a, c, and v, only two aic dis 
ungmshable customarily with the naked eye, viz., a and c\ deviation from 
the iionnal appearance of the jugular waves may throw important light 
ujxm the condition of the heart Certain normal individuals, cspcciilly 
under conditions favoring pcriplicial vascular relaxation, show capillarv 
pulsation 

While the anatomical position of die Iic.irl valves has no direct lelaiioii 
lo inspection, it is well to be faniiliar tiitli their location as |>rojcclctl 

(172) 
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aiUeriorl) upon the diest tvall The position of tlie anatotnical valve areas 
on the chest wal! is about as follows Puhnoutc, m the second left inter 
space at tlie sternal border aortic under the left half of the sternum 
at the lower border of the tlnrd costal cartilage mitral, between the sec 
ond and tliird costal cartilages and between tfie left half of die sternum 
and one incJi to the left of die sternum actxirding to various observers 
the triciislnd behind die sternum between the levels of die fourth and 
fifth costal cautlages The mitral valve is the farthest from the pulmonic 
the nearest to the anterior chest wall (\oms and LandisSO) 

The precordium is relalivel) prominent upon the chest wall in about 
one of eacli foui normal individuals allowance should be made for this 
normal deviation from the average chest cotiforniity in estimating die 
prominence due to such conditions as caidiac lijperiroph) pericardial 
effusion aneurism or pleural effusion The point of maximum intensity 
of cardiac impulse (P M 1 ) ma> be found m most individuals m the 
fourth interspace when recumbent in die fifth when erect Unless there 
be an unusual bod> configuration the P \f f in healdi is not over 9 an 
to the left of the tntdstenial line it is usually less according to die sire 
of the subject The impulse in this region is usually caused b> right 
ventricular duust diough the left ventricle forms die anatomical ape\ 
of the iieart ‘When the subject assumes the left lateral decubitus die 
heart falls toward the left and the P M I may shift laterally approximately 
one half as far as it had been distant horn (he median line when the 
subject v»as supine 

With the pauent m the right decubitus die P M 1 moves toward the 
imdhne and its distance therefrom is usually about one half as great as 
when the patient vs supine Pathological displacement of the P M 1 may 
be caused by one or more of various conditions of the heart mediastinum 
pleural or abdominal cavities \onnalIy the impulse may be mashed 
by a diickened chest wall (obesity) or by overlying lung (emphysema) 

It may be exaggerated in a patient wnth a dun chest wall or in the pres 
dice of rapid forceful heartbeat caused by exercise fever or the use of 
tobacco or coffee \\hile the P M I consists of a propulsive thrust it 
should be remembered Unt retraction may occur normally tustde the 
P M I and in die interspace above it The impulse itself consists nor 
mally of a single systolic forward thrust there being no visible cardiac 
movement m diastole 



‘171 


CvVRDIOVASCULAR DISEASE 


2. PALPATION 

The initial palpaioiy procedure should consist of laying the hand flat 
against the precotdium so as to include the allowing the fingers 

to coitfonn to the contour of the chest. Such examination throws light 
upon the general activity and si/c of the heart and aids in locating the 
P M.I., which ina) be found more .accurately tlnough careful palpation 
With the finger tips. Sliocks produced by closure of valves and titrills can 
be distinguished best by means of Uic rigid palm of the hand; The 
fingers should be liypercxteiidcd as far dorsally as j>ossible, thus per- 
mitting the vibration to be transmitted to the bones of the hand. Follow- 
ing exercise or other stimulus, a normal heart may transmit a certain dis- 
tinct jar to the hand palpating the such a plienonieiioii, hoi\eter, 

lacks die truly snapping and clearly cut quality such as is found in mitral 
stenosis. A tapping impact associated with a normal heart may be felt 
over tile jnilnionic valve area in emphysema or oUier obstructive pul- 
monary condition, sucli a sliock is synchronous with a second sound. In 
the ])rescncc of hyjiei tension, congenital stenosis of the aorta or aneurysm, 
a diastolic shock may be felt at the aortic area, though live heart may 
otherwise be noriual. A true thrill is a vibratory sensation (described by 
Laennec as a cat's purr) that is associated with various cardiac diseases; 
the normal heart may, under excitement, cause a fine vibratory sensation 
to be transmitted to the palpating hand during systole, but this is rarely 
sufficiently pronounced to suggest die thrill of cardiac disease 

3. THE PULSE 

For purposes of convenience, the radial pulse is examined in prefer- 
ence to that of other vessels, and such examination may throw valuable 
light upon the condition of the heart. Examinadon should be made uiUi 
the finger Ups and the following qualities noted; Volume of the vessel 
Itself and of the pulse wave, rhythm, tension, rale per minute, special 
characters of the pulse and condition of die vessel wall; finally, a compari- 
son of the two radial pulses is made. In the consideradon of such features 
of the pulse as volume, tension, and special characteristics, it is well to 
remember diat die volume and tension and many of the disdnguishing 
qualities depend upon; (i) Tlie rate of cardiac contraction and the 
volume of ventricular output with each systole; (2) die degree of elasticity 
of the arterial v%alls and tlie patency of die lumen; (3) the degree of 
peripheral resistance. 
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(a) Volume: By volume is understood die apparent size of the 
pulse wave as it passes the palpating fingers. Volume may be modified 
in health under various conditions; for example, it may be small under 
conditions favoring vasoconstriction such as chilling, or large after exer- 
tion or excitement and under conditions favoring peiipberal vascular 
relaxation. 

(b) Rhythm: Arrhythmia is found commonly in normal hearts, 
especially among children. That most frequently encountered consists of 
acceleration during inspiration, retardation during expiration— normal 
respiratory irregularity; lliis type may be recognized from its disappear- 
ance when the breath is held or after paralysis of the vagus effect from 
atropine. Arrhythmia independent of respiration is sometimes found, 
especially in children, and may suggest the complete arrhydimia of 
auricular fibrillation. Intennittent pulse, due to precocious cardiac 
systole (“extrasystole”) is common among normal individuals; the condi- 
tion is often most pronounced when the individual is resting (as aftei 
retiring) or after excitement, fatigue, oi as die result of constipation, 
distention, pregnancy, or e.xcessive use of coffee, tea or tobacco. Pre- 
cocious systole following each nonnal contraction of the heart causes 
bigeminal pulse, provided the premature beats reach the wrist. If die 
premature contraction occurs after each two normal sj-stoles, or if ctixt 
premature contractions follow regularly after one normal s)’stoIe, a 
trigeminal rhythm is established. As a general rule, a premature con- 
traction of Ventricular origin is followed by a pause that is roughly as 
much longer than the usual diastolic pause as the preceding premature 
systole was premature. Such a prolonged diastolic pause is spoken of as 
a "compensatoiy paxise." Auricular premature systoles are followed by 
an incompletely compensatory or by a normal diastolic rest period. Pre- 
mature systole is not uncommon among normal individuals. Predisposing 
factors are excitement, tabagism, fatigue, gastrointestinal disturbances, 
pregnancy, pulmonary disorders, and overindulgence in tea or coffee. 
They are common among infants during the first few days of life 
(Haniiltonii) . 

In general, arrhyilimias of functional origin tend to diminisii or dis- 
appear following exercise, while tliis is not true of the moie serious 
arrhythmias such as auricular fibrillation. 
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(c) Tension: The piopulshc |K)uer of each c'aidiac ejaculaiion. 
together with Uie resistance of the |>cripheral \ascular bed and the 
elasticity of the arterial walls, produce a coirsidctahle degree of prcssuTC 
uiihm the arteries. To estimate tension, die pulse is felt with die fingers 
of both hands; pressuic is exerted with the fingers of the proximal hand 
until the pulse is no longer palpable with the distal hand. The piessure 
necessary to compress the pulse indicates the arterial tension. 

(d) Rate: The rate of the pulse at rest is gi\en hj Peterson and 
WalterSi as 66 per nintute for normal men and yj for women, tJicsc 
figures haring been derived from more than 2500 observations on about 
1200 subjects The pulse is nonnally more rapid in childhood, follouing 
exercise, or under conditions of mental excitement. Tevei usually accel- 
erates the pulse rate to a degree of about ten beats per minute for each 
degree of fever (F) . Paroxysmal tachycardia may occur in an individual 
with an otherwise normal heart 

Special types of pulse, which may be present to greater or less degree 
in normal persons, have given rise to the follouing nomenclature: 

Pulsus tnagtitts (large), ftarvus (small), ccler ("quick," with shaip 
rise and fall), frequens (rapid rate), tauis (slow tale), btgemum 
(coupled), tngetmmis (wvplc) , dicro«ct« (wiUv dicrotic wave), ttiut- 
croticus (with anacrotic wave), deftaeus (with rate less than that of the 
heart) , rccurrens (possessing reversed blood flow) , plenus (full) , 1 hcuhs 
(weak), irregularis perpetuus (completely irregular), durus (firm, well- 
sustained), btsfenem (having two waves, sejxiratcd by more than one- 
tenth of a second, to distinguish it from dicrotisni) . 

(e) Vessel Wall: No exaininailoii of the pulse is complete without 
palpation of tlie vessel wall. Atheromatous diangcs arc indicated hy 
increased rigidity of the vessel, with tortuosity and jjaljwblc calcium 
deposits, causing a "goose-neck," 01 nodular vessel- 

4. PERCUSSION 

The prccordial area is percussed for the pur|)Osc of determining the 
extent of deep cardiac dullness which marks the ajiproximaic border of 
the heait, and the superficial cardiac flatness which represents that j>or- 
tion of die heart not covered by lung. In outlining the deej) dullncvs. 
mediate j>ercussion. may be used. In tliis method the percussing or plexor 
finger strikes a finger of the other hand known as the pleximeter. Or, 
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immediate or diieci percussion may be emplo>ed, the stroke being made 
ivjdi the finger ups directlj against tlie chest uill Eitlier method is 
suitable though indirect percussion is lire rule The plestimeter finger 
is first Liid against the chest ivall parallel to the expected border o£ the 
heart at a point ivell outside the probable limit of dullness The examiner 
taps tlie pleximetei finger with tlie plexor finger moving the plexiraeter 
finger gradually toward the heart The peiciwsion note or nonnal lung 
resonance becomes duller as soon as the pleximeter finger reaches the 
cardiac bolder The size of the nonnal lieait will be described later in 
the chapter on Roentgenology of the Heatl and Gicat Vessels, in this 
volume Percussion may not be expected to permit die delimitation of 
die heart with less than o 5 to i cm error on each border left and right 
fn adults the noniiai cardiac dullness should not extend more than 10 cm 
to the left or more than ^ j cm to die right of die mzdsternal line though 
Uiere may be a slight exaggeration of these measurements in individuals 
whose hearts lie more dian ordinarily in die transverse position due to 
some such condition as abnotmal obesity or distention 

The superficial cardiac flatness can be delimited only through very 
light percussion In normal individuals a portion of the heart roughly 
as large as a silver dollai is not covered by lung hence percussion of 
this part of the precordumi produces a perfectly tht note Thts area 
begins at the juntnon of die fourdi left nb widi die sternum and extends 
outward and downward in a convex curve 

The relative value of various methods for estimating the position of 
the left border of the heart was discussed by Luton IT who comjnred 
the clinical localization of the apex by iiiS(>ecUon and palpation with per 
cussion of the left border and roentgenogram (7 foot technic) Compaii 
son of percussion and roentgenogram of the left border in 82 cases 
showed an average difference of i 5 cm m measurements of indniduaJ 
cases by die two methods In certain cases in winch xray examination 
was not practicable, localization of die apex by physical signs was found 
satisfactory In a series of 30 cases loentgenogranis showed the hearts 
shadow beyond the palpated P M I in ig while lu 1 1 the P M I lay out 
side the cardiac shadow Luton concluded tint determination of Uie 
left border by palpation of the apex and percussion is of v ahie in addition 
to \ ray measurements 
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\l!SCCLTATORS PlJE.NO\ll,S V OF 500 SoilOSlDLl 

Nojcsmi 

He-shis 

No Cj»« 

IcrCcni 

Third heart sound 

118 

23 6 

Reduplication of fiiat sound at a{K.\ 

16 

32 

Sjstohc apical click 

2 

0 \ 

Sjstohc munmir at apev present in reannhent 

jiosiurc absent in erect jiusutre 

r>j 

130 

Cardiorespiraton s)sioIic uiumiiirs htnited to 
inspiration 

At afX’N 

)b 

32 

Vi onus aricnusus 

i 

0 8 

\t aortic area 

i 

OG 

Canhurcspinitory s)stohc luunnurs jirisciit in 
both inspiratioit and expiration 

At apex 

13 

26 

Vt conus arteriosus 

j 

1 0 

At aortic area 

2 

0 1 

Vcadcntal sjsiohc munnurs 

\l conus arteriosus 

‘0 

110 

\t aortic area 

Si 

62 

Canliorcspiraiof) dtasiohc iminmirs 

iScar aortic area 

i 

06 

Near aiims 

1 

02 

Near apex 

0 

00 

Extrassstolcs 

9 

IS 

Kedtipheated second sound at conus area 

23 

16 


(b) Systolic Click Occisio«aH> i sharp superficial <Iry clicking, 
sound IS heard t{ or neir the P M I U uun occur it an) tmic durni? 
s>stolc While il IS not alTtctcd radical!) b) inspiralion ii does enra 
sioinll) disappear when ihe subject is supine which lends strength to d« 
wTiters impression tliat it is an iccidcnLil c\(ncTrdnc phcnonJcnt»i 
Though It lua) be found rare!) after acme pericarditis it has no apjwru t 
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Haniiltonii studied certain ph)sioIogicaI peculiarities of tlie heart 
in infancy and childhood. He points out that the left ventricle, about 
equal in size to the right at birth, becomes approximately twice the size 
of ihe right ventricle at the end of llie first si.\ years of life. 

5. AUSCULTATION 

A binaural stethoscope, fitted with a bell or diaphragm diest piece or 
with both, is most suitable for the auscultation of Uie heart. To be disre* 
garded are: Noises from without (to exclude which, the earpieces must 
be sufficient!) lar^e to fill the external auditory canal completely) ; sl«.in 
friction sounds; hair sounds (vaseline may be applied if necessary to 
mash fuciion against the hair) ; joint sounds from Ute examiner’s fingers 
or from the patient; muscle sounds (the patient must be relaxed, wann) 
and the superficial slap of the heart. 

(a) Sounds; Tlie sounds of the heart are usually two, traditionally 
represented by the syllables "lub” for the first and “dupp” for die second 
sound. Systole, which occupies the period after die first sound and before 
die second, lasts for approximately 037 second, while diastole is about 
0.18 second in length, varying with theliean’s rate. A Uiird sound, found 
by Thaycr 24 m 50 9 per cent of young adults, was present among healthy 
soldiers (Klngis) in 23 Q per cent. This sound is soft, low-pitched and 
is best heard witlt the subject supine or in die left lateral decubitus. It is 
most clearly audible at die P.M.l. or just inside, and is associated in some 
ni.inncr with ventricular filling (end of “active diastole,” about 0.13 
second after the beginning of the second sound) . 

A well marked tinrd sound may be mistaken for; First, an early 
diastolic rumble of iniiral stenosis; second, the so-called “opening click” 
of mitral stenosis; third, die sound associated with the elastic recoil of the 
heart from the ciicst v^ail in adherent pericardium; fourth, the reduplica 
tion of the second sound due to asynchronous closure of die aortic and pul- 
niinary valves Asynchronous closure of such valves causes a reduplication 
of the second sound best heard at the pulmonary area, while the normal 
ihiid sound is heard best at the apex or over the lower precordlum. More- 
over, the interval beiuccn die two elements of a split second sound is not 
so long as tliat bciwcemhc normal second and diird sounds. Finally, the 
protodiastolic gallop. Tire third heart sound and the protodiastolic gallop 
cannot be dilfercniiated from one another by auscultation; in fact, it is 
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likely that tliey are produced by a similar mechanism namely the sudden 
tension of Ute ventricular walls at the end of filling early in diastole As 
a rule a normal third sound is a sign of youth and normality When a 
similar sound is heard m association with signs oE heart disease it is known 
as a protodiastolic gallop 

The first sound at the apex may be exaggerated as a result of exertion 
feier and nenousness and is normally louder in young people Uian in 
older The pulmonic second sound is usually louder than tlie aortic 
before 20 years of age between 20 and 30 the predominance of one 
sound o\er the other is about equally frequent after 30 the second 
aortic Sound is usually louder 

Reduplication of eitlier fiist or second sound may occur in health 
Reduplication of the first is uncommon (about thicc per cent) and is 
appaiently due to impact of the beau igimst the chest trail it usually 
disappears 01 becomes less marked when the subject lies upon the back 
Such reduplicauon consists of two lathei loud sounds of approximately 
equal intensity 

This form of reduplication differs from piesystohc gallop in two 
respects Its vaiiability witli cliange of jaosition which does not affect 
presystohe gallop rhythm and the fact that two lelatiiely intense and 
equal sounds are heard while m presystohe gallop the first element is 
usually relatively soft In normal reduplication of the first sound the two 
elements aie raihei loud avhile it is characteristic of bundle branch block 
that the reduplication of the first sound produces elements diat are faint 
or inaudible 

At limes a nonnal presyslolic sound may be heard (Bridgman^) tJie 
sound usually below the level of audibility follows shortly (002 second) 
aftei the beginning of auricular contraction and precedes the first sound 
by about o 01 second It may be associated with tension of die ventricu 
hr walls Reduplication of die second sound is common in health 
especially duiing deep respiration As a rule it is piobably due to a 
retardation of right ventnculai emptying with delay in closure of the 
pulmonic as compared with that of die aortic vahe 

During the World ^Var in die course of examination of soldiers on 
active duty King found vaiious auscultatory phenomena the frequency 
of incidence of which is shown by the table that follows 
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-VUSCULTATOR^ PilLNOMEN \ OF oOO SUPPOSEDLY ISORMAL HeARES 


No 

1 Cases 

1 crCc 

Third heart sound 

118 

23 6 

Reduplication of first sound at apcN 

16 

32 

Systolic apical click 

Z 

04 

Systolic muniiur at a|x:x present m rcaimbent 

posture absent m erect (Msture 

63 

130 

Cardiorespirators systolic murmurs linmcd to 
inspiration 

At apcN 

16 

32 

At conus artenosus 

1 

08 

At aortic area 

3 

06 

Canborespiratory systolic murmurs present ui 
both inspiration and expiration 

\i apex 

li 

26 

At conus artenosus 

5 

1 0 

At aortic area 

2 

0 1 

\ccideiual systolic munmirs 

At conus artenosus 

70 

14 0 

At aortic area 

31 

62 

Cardiorespiratory diastolic murmurs 

Near aortic area 

3 

OG 

Near conus 

1 

02 

Near apex 

0 

00 

Extrasystoles 

9 

18 

Reduplicated sccniul sound at conus area 

23 

46 


(b) Systolic Click Occasioinll) a sharp superficnl drj clicking, 
sound IS heard at or near the P M I It maj occur at any time durnijf 
systole \\ hile it is not affected radically by inspiration u does occn 
sionally disappear ishen the subject is supine uliich lends strength to the 
ATiter s impression that it is an acadcntal extracardiac phenomenon 
Though It mav be found nrely after acute pericarditis it has no appaieni 
significance 

If such a click IS rather loud it may gi\c the examiner the impression 
of being a true murmur On the other hand certini true murmurs con 
sist of a series of sharp clicks and sound \cry much like a senes of normal 
systolic clicks As a nile a single click may be consideied normal If the\ 
arenuihiple Uiey probably represent a true systolic murmur 

(c) Sternal Crunch Fithcr heart sound or both of them may be 
associated iviili a superficial cnmcliing sound uhen the stethoscope is 
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plated at the lower left bolder of the sternum This has been described 
by Bluniert and is supposed by him to be due to friction of the heart 
against certain superficial structures, notably tlie pericardiodiaphrag 
niatic ligament This sound may be prolonged into a squeak closely 
resembling a muniiur and may be mistaken for the murmur of mitral 
insufficiency The crunch is heard best when the subject leans foiavard 
and Its intensity is decreased, as a rule, when die supine posture is 
assumed it may disappear altogether in this posture The fact that the 
sternal crunch is at times quite loud o\er a dilated or hypertrophied heart 
has led some observers to the fallacious assumption that the sound is an 
indication of heart disease however, the frequent occurrence of the 
crunch among perfectly normal individuals leaves no doubt diat it is of 
no padiological significance The crunch may also be particularly intense 
111 individuals with Hat or funnel chests 

Tile commonest misinterpretation of the sternal crunch lies in con 
sidenng it a true pericardial friction rub Its behavior as indicated abov e 
should help in avoiding error 

(d) Normal Murmurs An apical munnur heard with die subject 
in the recumbent posture is not uncommon its prompt disappearance 
when erect places the murmur at once among normal cardiac phenomena 
It gives the distinct impression of originating wubm the heart and 
Tliayer23 has raised the question of vshether it may be due to a real but 
slight mitral incompetence that is to be considered physiological in cei 
tain individuals 

Cardiorespiratory murmuis limited to inspiration, may be heard at 
?peA or the base, ouiside or just jnsjde Oic apex, and in the left Joivej 
thoincic region behind They are caused by impingement of the heart 
as it moves m systole against the lung, causing a systolic acceiituauoii of 
the inspiratory breath sound Tlicy are apt to be loud over the Imgula 
pulmonahs, just inside the cardiac apex, and are usually best heaid with 
the subject erect They may disappear altogether when the supine posi 
lion is assumed As a rule they disappear when the breath is held in 
inspiration, if diey do not disappear, they are sufficiently modified bv tJiis 
procedme to allow recognition Any murmur limited to liie inspiratory 
phase of respiration should be considered lo belong to the caicgoiv oi 
cardiorespiratory murmurs 
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Certiin vascular inuriiiurs ma> be so intense o\er the precordium as 
to sugjjest a \alvuhr lesion, c\cn though die heart be normal The avrilcr 
Ins knoun the s)Stolic murmur of coarctation of the aorta uluch is best 
heard in the left interscapular region to be sufiicientlj loud over the pre 
{oiduiin as to lead to the diagnosis of mitral insufficienc) due to rheu 
matjc endocarditis The munnur of |)aicnt ductus arteriosus vvhile 
closer to the heart than the muimiir of coarcLation is usually rougher 
more continuous and of a more ni ichincry like quality 

SPONTANEOUS EMPHYSEMA OF THE MEDIASTINUM 
Cast of J IJ vs hue aged -11 Balliiitort City Hospilals No -la423 
Ihis patient entered the hospital June 7 1039 suiftnng from severe pain 
111 the dievt lit had been c\|M>scd lo contact vvith a tuberculous bioibcr 
in law five vears ago following which he had three chest roentgenograms 
made all being negative Ten days before his ailniisvion lit had been dis 
charged from (he same hospiial where he Ind been treated for a lacerated 
wound of the left hand and trauinaiic amputation of the fourth and fifth 
fingers This injury was ac(|iiircd in an automobile accident but there 
was no note of iraiinn to die chest at die time Iwo hours prior to the 
present admission while resting about noon the patient developed a 
sudden severe pain behind the sterninn Tins was associated vvith severe 
dvspnca because of winch he felt it necessary to walk about He vvas 
rami his skin wann and moist but he vvas not nauseated The pain 
remained in die mid chest ami did not radiaic Its seventy vvas rather 
constant though it was somewhat aggravated by deep respiration This 
patient told the writer diat he v\a$ conscious of some degree of division 
of the pain into two foci one on cidier side of the sternum Admission 
tcmjscraiiire 37 3" C (99 G® F) Between 18 and 2-1 hours after onset 
the temjverature wis37 9® C lo 38 I® C (100 2* b to lOOG® F) On the 
third mormiig it was iioniial and rciiiaiiicd so On the recent prior admis 
Sion to die hospital the blood pressure had been 130/78 On die present 
admission it was 1!0 120/GO 70 TIicic was no history of rheumatic fever 
excessive tonsillitis or allied infections 

Physical txaimiiaiion was noniial except about the precordium 
Here was heard a peculiar loud cruiidiing sound having both systolic 
and diastolic components the systolic being louder The sound was best 
heard in liic third and fourih interspaces just left of tlie sicrnum It 
was greailv accentuated with deep inspiration and when the patient 
lunicd on Ins left side On expiration it was somewhat diminished The 
examinations of blood unne and stool were normal though die sedunen 
tation rate was 18 mm per hour corrected Tlic seroIOj,ic test for syphilis 
was negative The roemgcnc^rain of the dicst showed heart and lungs 
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normal separaiion of inttrlobar lines on tlie right and a shado^v on the 
left cardiac border ucie Miggcsiivc of air On the morning following 
admission the loud cracUing sound oter the precordium had entirely 
disappeared The puient had not been auarc of die noise m his cliest 
The pain Jiad entirely disip[iearcd and die piticnt uanted to go home 
The following morning however the pulse was entirely irregular and the 
elccirocardiognm showed auricular fibrillation \Vithin several hours tlie 
rhjiJun became normal and remained so Flicrc was no clectrocardio 
grapiiic cMdcncc of coronary occlusion 

Diagnosis Spontaneous mcdi'istinal emphysema Hammin^o has 
recently described tins condition vvhicli has doubtless been confused vvitlv 
true cardiac disease particularly coronary occlusion The syndrome is 
caused by the release of air into ibt tissues of the mtdiastinuiu The heart 
Itself IS normal 

6 X RAY MEASUREMENT OF HEART 
It IS not necessiiy to go into details oi technic of this method of arrix 
mg at die si 7 C of the heart except to say that ineistirements of the normal 
[leans that are to be discussed are dented from eiiiiei telerocntgeno 
grams or ortliodiagi ims They indicate therefore the actual sire of the 
hean as it ftmctions 

In attempting to dccitle whether or not a heart is of normal sue it is 
well that die examiner hear in mind certain peculiarities of the noimal 
heart For example the right auricle according to Hamilton H under 
goes rapid hypertrophy during the first six weeks of life allowance for 
tins natural phenomenon must be made before diagnosis of auricular 
hypertrophy is made 

Lincoln and Spillman have published a very interesting study of the 
child s heart deiived from yearly xrays of 2jG normal school children 
during seven school years They found that the average median diameter 
of the right side of the heart increases steadily with age in children from 
2 through 13 years of aj,e being greatei m girls Unii in boys Before the 
age of seven the girl s heart is larger than die boy s after the age of 1 1 
the condition is icveised The transverse width of die heart vanes 
between 7 and 82 per cent of the height of boys from - through 13 
years of age and from G g to 8 1 per cent of the height of girls of corre 
sponding ages There was found to exist a closer correlation betvveen the 
size of the heart and height dian. betvveen the size of the heart and age 
Apjiroximaiely one third of the heait lies to the right of the midhne in 
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Transverse heart measurement _ 1 
Transverse lung measurement"" 19 * 


Transveise lieait measurement _ 1 
Transverse lung measurement ~ 1 92 


III iOvcarold subjects 


Transverse heart measurement _ 1 
Iransvtrse lung measurement “ I 9i> 


in SO-vtar-oId subjects 


The figure for the normal heart ina> be as high as i i 99 
measurements were made from the nbs 


Chest 


East and Bam? agree that the width of the heart as a geneial rule 
should not be gi eater than one lulf that of the chest but find in the htera 
ture evidence for a certain latitude in applying the rule Certain loent 
genologisis feel that the normal heart may measure as much as 55 per 
tent of the widtli of the chest m individuals of pecuhai bod^ con 
figuration 

MoruzlO prefers orthodiagraphy of the heart especially with the 
patient horizontal to celeroetngenography as he feels that tlie caidiu 
hepatic angles particularly can be examined best by horizontaj ortho 
diagraphy He consideis, howeser that both methods should be 
employed Moritz further believes that planimetnc examination of the 
hearts shadow is to be preferred to simple transverse meisnrements he 
proposes a heart rectangle method After obuaining this measurement 
he co 2 }ipnes it xvith standard body measnrcnicnis obtiined from height 
weight and ideal body weiglii expressed by Bombard s unit 

The actual size of the adult heart at least as far as can be Cbinnaitd 
fiom a large number of measurements upon the hearts of normal soldieis 
has been shown by SmitliST to be as follows 


Height 

Cm 

Cates 

M It 

Cm 

1/ £. 

Cm 

L D 

Cm 

D P 

Cm 

Irra 

Itq Cm 

155 to 164 

18 

40 

83 

13 3 


111 

165 to 174 1 

174 

4 1 

85 

13 1 

10 2 

118 

1/5 to 187 

185 ' 

4J 

87 

14 2 

, 10 7 

122 


X( L Distniicc Tk nt il e tn dltne 10 the most tiivunt left U rdcr 

M R. Distanc« from it e miiil nc 10 ihe most dmam richi border 
L. D The II ax turn long dumcicr measured from uie rgbi aunnilar nuich to the 
mo^t (hrtant ap cal border 

B D I lie innviin int broad diameter measured at right ai glcs fit m the loi g dnnictcr 
to ihe iiinst distant liordcr above and l>doH 
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7. CARDIAC OUTPUT 

Foi a general rc\ic\v of ilie piinctplcs and methods of cardiac outjiut 
determinations, a lecture b) Marshall!^ iiia) be referred to. He holds the 
opinion that the problem of cardiac output is not >et solved in a quanti 
tativc sense, but that great advances have been made. Three general 
methods have been used (i) McUiods fnsed upon the principle of 
Pick; (2) methods based ujxm the nuc of absorption of some foreign gas 
liirough the Inngs; (3) measurements by xrajs of die sjstolic and 
diastolic shadows of the heart and deductions therefrom 

A popular method is that l>ascd u|xm the absorption rate of a foteign 
gas; according to .Nfarshall, there is close agrccmehi among the results 
from human beings whether cih>lcne, nitrous oxide or acetylene is used 
as the foieign gas Ethyl lodulc seems to give satisfactory results, while 
carbon dioxide results aic open to some question. 

The ^ick principle involves the use of ihc triple exirajxilation 
method DifTcrcnt known mixtures of nitrogen, carbon dioxide and 
oxygen are iclncathcd by the subject, and the cardiac ontjmt is oilcti* 
lalcd (tom determinations of oxygen and caTl>on dioxide tensions of the 
arterial and iiuxctl venous blootl Though Kroct/i ^ considers that the 
Pick pnticiplc IS practicable only in .vtuunU. m which the jugular vein 
can be entered with a caunul.i, GtoUman‘> has found a close correlation 
between icsuUs obtained fiom the use of this and of the foreign gas 
methods Crollman believes that the condition of the subject is of more 
itii|)ortancc in the measuiemcnt of cardiac output than is the method 
provided the method be employed skillfully 

Cardiac output w.is ilctcniuncd by the acetylene method in 59 normal 
young individu.ils and found to be 2 18 liters per minute per square 
meter of body surface A normal male subject examined at home under 
strictly basal conditions sliowed a very constant cardiac output through 
out It/, years, the total cardiac output was found to be 3 g liters per 
minute, varying on different determinations not more than ±02 liter 
A female subject showed somewhat more variation at different times, 
but not more than ± 10 per cent Kroetz, also using the acetylene 
method, reports the cardiac output, with subjects silting, to be 3 55 liters 
per minute or 1 gG liters per square meter of body surface per minute. 

The average stroke vohmie in nonnal individuals has been estimated 
by Stewart, cl al, as 37 cc 27 The same authors report tliat the cardiac 
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mde\. (Cardiac Output m liters per square meter o£ body surface pei 
minute) in normal individuals is 2 ii i«hile GroIIman S puts the range 
betueen 1 go and 2 jg 

Phnimetnc estimations of tlie size of the heart m systole and m 
diastole pennit the deduction that the difference 111 size of the heart in 
those phases is quantitatively related to die amount of blood expelled 
(fiom both sides of the heart) with each beat Tlie figure thus obtained 
IS 1 g cc per kg of body weight per beat or o 9 cc from tlie left 
ventricle This figure is similar to that obtained by gasometiic mediods 
The volume of blood passing through the heart is approximately die 
same as die volume of air inspired when die subject is at rest On cxer 
tion the ventilation of tlie lungs increases out of proportion to the 
increase in circulatory flow 

Both Marshall and GroUmanio emphasize the necessity of strictly 
basal conditions for proper study of the cardiac output pei minute Mar 
shall points out diat tlicie is no significant difference in the volume of 
the single cardiac output whether the subject is recumbent sitting or 
erect However due to the increase of metabolism when the subject is 
erect the rate of circulation is accelerated by the increase m heartbeats 
per minute rather tfian by augmentation of the volume of cardiac output 
per beat 

8 CIRCULATORY RATE (Determination) 

Tiicre is considerable interest in studies of the natural and patho 
logical circulatory rates in man For purposes of dns determination 
Blumgart and ^ens"^ developed a method based upon die injection mtra 
venously of the active deposit of indium upon table salt in one arm and 
ibe measurement of the appearance time of the ladium deoosit m the 
arteries of the opposite arm A detecting device consisting of a chambei 
containing water vapor in a state of critical supersaturation shows the 
presence of radium deposit in die arteries of die second arm through the 
condensation of vapor along the ionized [>adi produced by the two rays 
TJje padi is jJJummated and is shown by a white streak 

Advantages of dns meUiod he in the fact that radium in the amount 
Used (1 to 6 milhciiries) is nontoxic and that it has no effect on blood 
pressure or on caidnc rale or rhythm The test is done with the subject 
in the basal condition The time involved in die passage of radium from 
die veins of one arm to die arteries of die other has been found to be 
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ijt to aj seconds the a\erage time in norm'll subjects between 15 and 75 
)ear5 o£ age being 18 seconds The method has been found of consid 
erable value in showing die retardation of the circulatory rate in tarious 
pathological conditions 

Lian and Barrasl^ 10 have discussed various methods of determining 
circulatory rate, such as die injection of potassium fcrrocyamde into the 
jugular vein and its time of appearance m die other jugular, and the 



(I) Ml Maximum left border (2) Mr Maximiioi ngbi bottler (From (he sum of 
these uas obuincd the maximum uaimeise diameter T D) (S) L D Maximum long 
diameter from the right auricular notch to the roost dtslaiit apical twrder (1) B D 
Maximum broad diameter measured at right angles from L D lo most distant borders 
(5) Vngle formed by long ard Iratisccrse diameters (6) Diameter of aortic arch. (7) 
Parallel ray silhouette area uas obtained b) ilie planimctr c method and from this tvas 
calculated the solume by the Oardeen formula (Smith Arih Int Med) 

method that utilizes the injection of welhemoglobin These workers 
prefer die fluorescein method 2 cc of a 5 per cent solution of fluorescein 
ts injected intravenously at regular intervals thereafter venous blood 
from the opposite arm is collected into small tubes coiimning 95 per cent 
tlcohol In subjects free of cardiac tiouble the dye appeared 30 seconds 
after injection, usually reaching its maxunum intensity between one and 
two minutes after injection The dye diminishes in amount after two 
minutes and usually fails to appear after the end of the third minute In 
35 patients with cardiac disorder the dye failed to appear before the 
normal lime of 30 seconds 
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V simple method consists of the injection of ^ cc of a 20 per cent 
solution of sodnim dehythocholale (decholtu) iiura\enousl) and deter 
minaiion of the time tliat elapses beiucen injection and the development 
of a bitter taste in die niouth of the subject Injection should be made 
uilhout preiiminar) vascular constriction The venous to irienal circu 
htion b) tins inetiiod has been estimated for normal subjects at S to 1 j 
seconds (\\ mtenmz'*) and to to 16 seconds'*!) A variety of other tests 
have been devised to estimiie the rate of circulatory fiovv -•> On the 
ivhole the Dechohn Method is probably open to less objections than 
many of the others The circulation is not significantly accelerated by 
tachycardia until the rate exceeds i^o per minute nor slowed unless the 
rate is less than 45 

Using 3 cc of a 20 per cent solmion thus shortening tJie injeciion 
time GargiU2 found the arm to tongue circulation time m normal per 
sons to be 15 to so seconds from the beginning of the injection allouing 
three seconds for injection die avenge actual circulation time was 
seconds The bitter taste disappeared in to s^ seconds a repeated 
determination as i check is desirable 

This is not the place for a detailed description of normal and abnoi 
mal electrocardiograms honever tracings obtained from norma) liearis 
are not infreijucnily misinterpicied as abnormal tracings In die writer s 
experience the cominoncsc cause of error is digitalis Outside a certain 
prolongation of the auriculoventricular conduction tune which may or 
may not be found in the tracing of a normal Itcarl under the innucncc 
of dijjitalis there occur quite regularly changes in the ST portion of the 
tncing These changes constitute the most delicate criteria of the efrcci 
of digitalis on the heart The coniiiioiicst effect is a dcjwessioiv of the 
S r intcival from the isoelectric line the depression is similar to a latenl 
view of a foot pedal the proximal or S end of the period remaining rela 
lively fixed while the terminal end is most iniikedly depressed carrvmg 
the first part of the T wave with it The T wave may thus become 
diphasic flattened or actually inverted but ic docs not acquire die 
appcirauce winch is found in certain cases of frank coronaiy disease m 
which the 1 wave has the appearance of a fishhook with an ujiuard 
convexity In digitalis effect i curving of the ST iiiteianl is very coin 
inon hut this consists of an upward concavity ind downward convexity 
I his IS one of the most characteristic digit iIis effects Flic foot pedil iy|>c 
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of dcprcision described above mnv be simiilaicd so clostJy ()) coromry 
disease and perhaps by cardiac strain as to make it niijxjssiblc to recognuc 
the causative agent 

It should also be leinenibcred that heavy consmners of ilcohol 
uhether their diet is defective or not may show flattening or acttial 
inversion of the T waves of any one or all the leads Smoking may cause 
a slight depression of the takc<>ff of the S F interval Some observtis 
report changes in the F waves from drinking iced heverages Ml such 
causes of changes in T waves arc nsually icnij>orary and the changes 
themselves reversible Similar cfTccis arc common in infectious diseases 
but 11 IS doubtful whether the heart could lie considered strictly n irinal 
under such circumstances 

Electrocardiograms of appavciuty healthy individuals show a vanetv 
of changes that arc difficult to mteqirei since in llie absence of a |eitho 
logical cxamuuiiou it is imjiossiblc to determine whether the heart is 
structurally normal or not Inversion of die T waves in 1 cad III is of 
no significanee but if the inversion extends to either or both of the first 
two lends the traang must be considered definitely abnorin il akhotinii 
such changes ire not infrequently reversible V deviation of the S F 
interval from the isoclccirie hue may also be jircsent to a slight degree 
111 Lead 111 ind yet have no sigiitficancc V dcviaiion of this interval 
iIkivc or below the iscclcctnc line in eiiher or both of the first two leads 
IS abnonnal ahhoUoh u may lie reversible (vs) \n clcvaiion of the 
S T interval in the sundaid chest lead IV F apparently iKCiirs in ilniost 
half of nonnal mdividtuls and may be considcrcil of no si„nificanrc 
\ frank inversion of the T wave m Lead IV t is usu illy abnonual 
although the wTitcr has seen apiurcntly Iicalthy childicn that showed a 
diphasic V W ¥ 

Finally predominance of die Icvogram should not be taken too sen 
ously In many imiauces simple prcslominaiice of the Icvogram occurs 
III healthy individuals in middle or late life apjMrcmly as a re*suh of 
cliangcs m body iiabuiis [jarticularly in sucli eases in which die dn 
phragm becomes elevated and die heart assumts a inoie iransvcrsc 
position 
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CHAPTER XW 


THE CARDIAC PATIENT AS A SURGICAL 
OR OBSTETRICAL RISK. 

By Samuel \ Levise \I D T A C P 
SURGICAL CONSIDERATIONS 

Physicians are frequently asked by Uieir surgical brethren or b> their 
patients ivlietlier the heart can stand a contemplated operation This ques 
tion IS b> no means as simple as it sounds and like the one put to a nnu 
on the uitness stand ivhen he was asked if he would slop beating his wife 
U cannot be answered categorically yes or no It places on the phy 
sician a triple responsibility First he must aid in the underlying diag 
nosis Cor often a condition that is regarded as surgical may in fact be due 
to a disorder of the heart itself or to Uie peripheral circulation for uhich 
medical treatment would be indicated The second aspect of tins problem 
is to ascertain if possible die prognosis of the cardne condition tint is 
present in order to aid in advising whether a surgical operation that ordi 
narily would be indicated and jusufiable should be undertaken It is 
obvious that if a patient has advanced Iiy|>erten$tvc heart failure he should 
not be subjected to an operation such as repair of an abdominal hernia 
This requires the intelligent appraisal of the cardiac state and an attempt 
to foretell how long a pauent may be expected to enjoy the benefits of 
the surgery that is planned Finally when an operation is decided ujion 
in one suffering from some form of heart disease the physician may iid 
in estimating with what added risk a particular cardiac abnormality is 
attended and in what way the risk might be minimued The above qnes 
tions therefore enuiil a close cooperation between the surgeon and pliysi 
Clan permitting a free and detailed analysis of all the factors concerned 
Differential Diagnosis Let us first consider some of the difficulties 
that arise in differential diagnosis in disuiigmshmg wliit appears to be 
an acute surgical abdominal condition from disorders that are produced 
( 492 ) 
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diiectly b> the heirt or cardiovascular system In former years it was not 
an infrequent experience to confuse acute coronary tlirombosis and myo 
cardi il infarction w'jih acute abdominal emergencies sucJi as perforated 
peptic uker acute pancreatitis acute disease of die gallbladder diaphrag 
matic hernia* acute intestinal obstrucuon etc There is hardly any active 
surgical dime tliat has not made the error of exploring the abdomen 
when the cause of the epigastiic pain vomiting and collapse was a throm 
bosis of the coronary artery This confusion was discussed many years 
agol since which time much has been learned to help us avoid similar 
blunders In fact our knowledge concerning diagnosis of coronary artery 
disease has become so extensive that at present there is possibly greater 
danger of overlooking abdominal conditions that require immediate oper 
ition when tins type of differential diagnosis arises 

There are certain precautions that may help m this decision Realiz 
ing that severe epigastric distress or pain may be due to disease of the 
heart or of the abdominal organs a previous history of angina which 
often has to be deliberately inquired for lends some support to the former 
as the cause in any particular case Pain from coronary artery disease even 
when localized m tlie abdomen tends to radiate up the sternum or to the 
arms and almost never extends below tlie umbilicus It is also often asso 
cnied with dyspnea One should always suspect the abdomen when the 
differential problem arises in a uoman tf it is known that the patient ttm 
not hypertensive This general rule does not apply in tlie male sex 

Finally the electrocardiogram whicli now can be taken so readily at 
the bedside may give invaluable information Although there may be 
pathognomonic changes pointing to myocardnl infarction great caution 
needs to be exercised in reading too much into less distinctive alterations 
in the form of the ventricular complex There will be instances that tax 
all our diagnostic resources including xray plates of the abdomen look 
mg for free gas below the diaphragm It is needless to go into a complete 
discussion of all the conditions that may arise for they ire numerous 
Suffice it to recall that many of the common acute abdominal conditions 
may be confused with an attack of atypical coronary tluombosis 

Similarly there are occasional imt'inces when the acute development 
of congestive heart failure can present tlie picture of an acute surgical 
condition of tlie abdomen This is apt to occur with the sudden onset of 
auricular fibrillation especially in a previously undigitahzed heart If 
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mitTiil stenosis is present, and it may not have been recognized or easily 
detectable, acute pain and spasm in tlie epigastrium or right upper quad- 
rant, slight fever and leukocytosis, nausea, vomiting and even slight jaun- 
dice may result. The presenting findings in such cases probably are the 
result of acute congestion of the liver witli stretching of its capsule and 
may be misjudged as due to acute cliolecystitis. The therapeutic decision 
is not very difficult as ordinarily there is no great haste about surgery for 
disease of tlie gallbladder, and the piesence of a rapid incgular heart rate 
in any case deserves digitalis tlierapy and other treatment for heart failure, 
if evidence of congestion is found. When the above symptoms are due to 
the heart they will promptly be relieved by appropriate cardiac therapy. 

In yovinger patients acute pain in die abdomen, resembling that due 
to acute appendicitis, may occur in ihctiniatic fever. The pain need not 
be very seveie but can be accompanied by nausea, some localized tender- 
ness and vomiting, sligiit fever and leukocytosis and in many ways imitate 
very closely what is found in acute appendicitis At tunes it will be im- 
possible to distinguish the two conditions with any certainty and an ex- 
ploratory operation will be necessary and should be regarded as the cor- 
rect procedure even if it turns out to have been unnecessary 

Some of tliese operations will be unavoidable for there is greater usk 
in delay tvhen the appendix is inflamed than in an abdominal o-ploia- 
tton xoheii mild rheumatic fever ts piesent. TJiere are times, however, 
when careful aiiention to details will rcwaid the physician by enabling 
him to make a more definite diagnosis Rectal tenderness is much more 
apt to indicate appendicitis, as it is quite rare in rheumatic fever. 

Of greater importance in these cases of atypical rheumatic fever with 
abdominal symptoms but without p.iuis in the limbs, are tlic direct find- 
ings in the heart. One may detect distinct abnormalities in the heart that 
occur with particular frequency in rheumatism and are rate in other con- 
ditions. The finding of a loud systolic murmur or a diastolic murmur 
that was not previously present, pericaidial friction rub. or the detection 
of delayed A-V conduction lime (increasctl P R interval in the electrocar- 
diogram) would make tlie diagnosis of ilieumatic fever fairly certain. I 
recall an instance in whicli the surgeon heard a peculiar sound over the 
precordiuin which he was unable to interpret This proved to be a galloj) 
rhythm which in children shovild always make the physician suspect a 
delayed P R interval (or first degree heart block) . This turned out to be 
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the case and the young girl recovered on salicylates thereby avoiding vslut 
might have been an ill advised operation 

Other medical conditions tint may present themselves with what ap* 
pears to be an acute surgical abdomen are pneumonia and acute pericai 
dins TJiese acute innimnntory ])rocesscs in die thorxv cspcciall) when 
they occur m childhood may first manifest themselves with abdominal 
pain and vomiting Only the scrupulous care of a ihorougb physical 
examination and the constant rccoliccuons of these possibilities m differ 
ential diagnosis will prevent the confusion that otherwise will take place 
Similarly tlie rare cases of tabetic crises lead colic and otlici nonsiirjjical 
conditions must be sought for when the cause of abdominal symptoms is 
being investijjaied 

Significance of Symptoms In appraising the significance of abdom 
inal or other symptoms that appear to have surgical implications tiic pos 
sibihey of embolism must not be foigotten One should have tins pirttc 
ularly in mind under the following four conditions \uncular fibrillation 
mitral stenosis coioiiary thrombosis with myocardial infarction and bic 
terial endoc,irditis W itii the first two sterile ilirombi form in the auricles 
with the ihtid in the ventricles and witli the last infected vegetations arc 
present on the v lives If parts of these thrombi become tIjslodp,ed cm 
boUsm develops ^VIlen such emboli involve the renal splenic or mesen 
leric arteries abdominal sympioim result Careful evumnaiion of the 
cardiac state will jnevent the pliysiciaii at least fiom overlooking these 
nonsurgical causes of abdommil sympioms 

Prognosis versus Surgical Risk TJie second aspect of this problem 
js whether Uic prognosis of the cardiovascular state is good enough to 
w vTtani \\vc conlcmp\aitd suTgvcal opervWon U \he patvenl vsvvh a pvv 
ticular lyjie of heart disease going to live long enough to enjoy the results 
of the surgery^ This is entirely a matter of prognosis and here judgment 
IS di/ficult Those operations whicJi in themselves help iJic embarrassed 
eirculation arc always better borne and will be more bcncficnl in their 
end results than when there is no direct relation between the surgical and 
cardiac conditions \ paiicnt with mitral stenosis auricular fibnllauon 
ind hypcribvroidivm in advanced congestive failure for cxnmiilc vvill 
acunlly show marked improvement in the hcait follovsing a subtotal thy 
roidcciomy It would be unwise in such a mse on the other Inml to 
advise an operation for re|xair of a cystoccic In jxniems with aiigiin j>cc 

J4 
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tons occasiomll) tlie cardnc sute seems to be improved following the 
removal of gilUtoucs or after the relief of prostaiic obsiiuciion Apart 
from the cases m which the heau itself may be more or less improved by 
the operation, great care must be e\cicised in not advising major surgical 
procedures for those conditions which are not urgent or for which there 
are available adequate nonsuigical oi palliative measures When one 
would judge the life expectancy of a given cardiac disease as one to two 
ycais. It IS illogicil to advise a hysterectomy for fibroid tumors of the 
uterus when xray treatment may coiuiol the menorrhagia If a patient 
has had hypertensive heart failme and shows a bundle branch block or 
gallop rhythm or pulsus Dhernans it is belter to tempome with a truss 
than to operate for an ordinary inguinal hernia Removal of teetli and 
tonsils and procedures such as pelvic ojierations for prolapse of the uterus 
oi a relaxed pelvic floor may be avoidetl when contemplated in those suf 
fering from grave heait disease An illustration of such a problem is the 
following experience 

\ woman aged 40 complained of lowei abdommal discomfort and 
excessive uterine bleeding She had lucuc aorims and aoitic insulEcicncy 
She also showed evidence of a laigc uierine fibroid whidi could barely be 
felt above the pubis A hysicrcctomy had been advised by another 
jihysiciau Because <iC her cardiac conduion ii seemed wiser to try 
X ray treatment This was earned out and caused cessaiion of her 
menstrual periods and the tiiinor could no longer be felt A simple 
method viithout risk acliicvcd ilic same iherapeuuc result as ihc con 
icmplated surgery 

In all these matters the iiitclhgeiicc of die physician must be used 
weighing all the circumstances pertaining to the prognosis of the type of 
heart disease that is piescnt and the amount of discomfort and hazard 
from the surgical conditions 

Estimation of Surgical Risk Tlie final phase of this problem is the 
estimation of the iisk that a patient witli heart disease undergoes in a 
ina|or surgical operation There has been altogether too much fear con 
cermng the ability of the hemt to uilhstand operations ^Vhen postopera 
live deaths have occurred physicians have been too prone to ascribe the 
cause to the heart In all fatal cases death occius when the heart stops 
but that is by no means synonymous with death from heart failure or 
heart disease On close scrutiny it vvill be found that in only a few m 
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sniices can ihe heart be bhmed as playing even a contnbuung role in 
the cause of die fatality 

Let us first consider ivhat change take place m the heart during an 
ojieration Marvin and Pastors found that there uas no constant change 
in the blood pressure during or folloivmg operations In some the pres 
sure rose and in others it fell They decided that tlie only instances in 
uhich die change in pressure materially affected die incidence of unto 
ward complications were those in wliicli there was extreme louering of 
die blood pressure and pulse pressure with a state of shock It was also 
founds that routine preoperalivc admmistntion of digitalis faded to 
evert a favorable influence on tlie blood pressure or on the incidence of 
postopeiaiive complications In fact there was suggestive evidence that 
digitalis may have a slightly deleterious effect On die odier hand Bla 
lock-i found that die average output of the dogs heart during ether 
administration was increased 76 per cent In dns experimental mvcstigi 
lion It was also found s 0 that the increase m the cardiac output could 
be diminished by the use of alkali or digitalis From these experiments it 
would seem that the work of die heart might be iem])oranIy increased 
during surgical operations However, in actual surgical cases SnyderT 
found an average decrease of 41 per cent m cardiac output directly after 
operations while the patients were still under the anesthetic and that it 
required one to four days for the output to return to normal How ma 
tenal these various effects miglit be m the operative risk can only be 
ascertained by clinical evpeuence 

Brow and Long liave shownS that chloroform ether nitrous oxide and 
barbiturate derivatives when used to produce anesthesia m cats cause a 
decrease iw glycogen storage and an accnuxulaiion of acid metaboUtci 
(1 ictic and phosphoric acid) in caidiac muscle Furthermore disturbances 
m tile mechanism of the heartbeat h ivc been observed during anesthesia 
Lev70 10 noted in cats the development of extra ventricular systoles ven 
tncular tachycardia and venlnciilir fibrillation at ceriain low concentra 
lions of chloroform anesthesia He Uicrcby explained the mechanism of 
sudden death which occurred under chloroform In routine operations on 
surgical patients during anesthesia produced by eihcr, niiious oxide or 
procain Lennox Graves and LcvincH observed frequent abnormalities 
of the heartbeat such as premature beats dislocation of the jjacemaker 
especially resulting in nodal rhytlim and even paroxysmal auricular 
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tadi^cardia These ^>ere found to be transient and miiIi ^cry rare 
exception ucre of physiological raUier than clinical interest Only on 
rare occasions did the deselopmeni of a iieu rhythm during an open 
tion produce alanning symptoms A study of such disturbanccsis has 
shoun that iliey are due to jiaroxysms of auricular tadiycardn auricular 
fibrillation or auricular nutter AVhen properly recognized tlicy are 
easily controlled by carotid sinus or ocular pressure or by tJie use of 
such drugs as mecholyl digitalis or quimdine Despite the above physio- 
logical and chemical alteniions ulitch lake place during anestliesia and 
operations hois' much Innn they produce can only be determined by 
studying tlie inadence of postoperative complications and fatalities in 
cardiacs and noncardnes This is the only method available to determine 
the surgical risk of various types of heart disease 

Extensive experience during the past two decades has afforded aile 
quale proof that patients vviUi heart disease on tiie whole witlistand sur 
gtcal operations very well The old fears concerning the heart, although 
they still persist in the minds of the hity and to a slight extent of the 
medical profession have largely disappeared V levicw of over yoo pa 
uentsi'^ suffering from organic heart disease who were subjected to 
various major surgical opentions shovved tliat the unexpected mortality 
was only G | per cent rurdicmiorc on invesugating the cause of post 
operative death in cardiacs it becomes evident ibat death results for the 
most part from the same complications that occur in noncardiacst^ i e , 
postoperative pulmonary complications shock infection etc True nr 
diac failure is rare although sonic of the so-called acadents of heart disease 
sudi as coronary tlirombosis and pulmonary and penphcral embolism do 
occur more freqvsemly 

In estimating Uie risk which a given cardiac condition adds to that of 
ihe contemplated operation there arc two important factors to be con 
sidered The first and by far the most imporiam is the ability of the 
heart to resjiond to effort If iJie cardiac condition has been well com 
pcnsated if the patient has been able to cirrv on his ordinary duties the 
heart has already given evidence of withstanding a greater load than any 
operation will demand This has reference to the heart and not to the 
peripheral ciiculaiioii for the latter xnav fail w*tl> equal facility whether 
the heart is diseased or not 
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It follows therefore that tJie history pertaining to cardiac efficiency is 
much more unpoitant tlian the physical examination of the heart The 
presence ot absence of breathlessness is much more infornung tlian 
whetlier a murmur oi some cardiac hypertrophy is piesent Tlie second 
importint factor is the liability of that particular heart to the so-called 
accidents of heait disease These are the unpiedictable complications 
that occur which suddenly change the entne status and prognosis of the 
situation Amongst the latter are the deielopment of acute coronarv 
thrombosis embolism sudden changes in cardiac rhythm such as Adams 
Stokes attacks or paroxysmal rapid heart action bacterial endocazditis 
and sudden deatli possibly due to veutricular fibrillation Fortunately 
such postoperati\e complications are not \ery common thoiij,!! they do 
occur One can classify cases into those that are more and those that 
are less likely to detelop these complications but it is impossible to fore 
tell events in individual instances 

Because it is mainly the above accidents of heart disease that 
increase the operative risk of cardiac patients n is of some interest to 
analyze the circumstances under which they may arise Coronary thiom 
hosts can occur tn anyone suffering from coronaiy artery sclerosis The 
main clinical evidence of this a\ill be the history of angina pectoris 
Therefore it becomes extremely important to inquire most caiefulh 
into those symptoms that characterize the anginal state Often when a 
postoperative coionary attack has occurred apparently m one vsho vvas 
regarded as previously having a normal heart it later becomes evident 
on close scrutiny that there \ins a definite history of sternal constriction 
on effort winch liad been entirely overlooked Even some sudden and 
instant postoperative fatalities will prose to have a similar explanation 

Embolism from the heart mainly comes horn sterile mural thrombi 
from the auricles in cases of auricular fibrillation or of mitral stenosis 
and much moie raicly from the ventricles in cases of myocardial infarc 
tion The presence of tliese conditions theiefoie predispose to such 
complications Complete heart block obviously is tiie most common 
condition m winch sudden Adams Stokes attacks may occur but the 
various types of paroxysmal rajnd heart action may develop m patients 
with otherwise normal Iiearts although more frequently in those with 
organic heart disease Postoperative bacterial endocarditis is very rare 
(mt may develop in one who previously gave evidence of a well com 
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pcnsated, regular heart and m rvliom there uas some kind of cardiac 
murmur Such disastrous comphcaiions base been obser\ed pariicularl) 
after tonsillectomy oi extraction of teeth possibl) bec.iuse these simple 
operations are so common 

Notwithstanding the tarious hazards to which patients with heart dis 
ease are subject on die whole, die operative risk is rather small An opera 
live mortality of 2 t per cent m 1 jy cases of valvular disease and of 3 o 
per cent in 103 cases of auricular fibnllationis indicates how saiisfacionlv 
cardiacs tolerate major surgical procedures The risk increases, however, 
under certain circumstances Cases of angina pectoris for the most part 
occurring in the second half of life, carry a risk of 7 7 per cent This is 
mainly due to the postoperative development of coronary thrombosis, a 
subject recently emphasized by Master and associates 15 Tlie danger is 
still greater amongst those who have already suffered a previous attack 
of coronary dirombosis The proper timing of operations and selection 
of cases should even here keep the rate about 15 to 20 per cent The 
presence of congestive heart failure adds decidedly to tlie risk of opeu 
tion but except for emergencies adequate preoperative medical ireaimem 
will decidedly reduce this risk Although h>pcncnsion has little effect 
on Lite mortality rate tlie presence of chronic nephritis increases it three 
fold In general it may be said tfiat all cardiacs do siir(msi}igly well excelH 
for those ivho have nephritis, congestive failure or coronary artery disease 

So far no mention has been made about the type of anesthesia m us 
relation to the operative risk in cardiac panenis TJiere has been no 
extensive anal)sis of the relative merits of different anesthetics for those 
suffering from organic heart disease Our opinions, therefore, rest upon 
general impressions rather than convincing data Differences m point of 
view amongst different observers probably signif) iliat the mallei is not 
of great importance Maivmio very wisely staled that it is far more 
important to select the proper anesthetist tlnn it is to select the proper 
mestlietic The choice will generally be determined after a consultation 
between surgeon anesthetist and physiaan with the goal that a smooth, 
shocUcss anesthesia nia) be obtained Ether, avcrim, ethylene, spinal 
and local anesthesia each have their advocates The important factors 
tliat seem to be material are to avoid struggling, the collection of mucus 
in the upper respiratory tract and cyanosis and to prevent a maintained 
fall in blood pressure The disadvantages of the former arc obvious and 



THE CVRDIAC I’VTIENT \S \ SURGIC.\L RISK oOI 

there IS reason to belie\e that a signtHcnnt fall in blooti pressure ajwri 
from beinj a forerunner of surgical shock is conducive to the develop 
ment of coronary thrombosis It is for this litter reisou that vvlitn 
spinal incstJicsia is used in elderly p<)iienis uJio often have coionary 
artery sclerosis great care should be liken to picvtni any untouard fill 
in tile pressure level In genera), I prefer etlier anesthesia in carihic 
patients ilihougU theie are reasonable differences in views imon„si 
reputable authorities 

In conclusion it may be stated ilm intclligem coopeniion between 
piiysician surgeon and ineslheiist will enable most patients suffering 
from heart disease to undergo surgical opcniions with only slightly 
greater risks than prevails in noncardiacs It will also avoid ill advised 
operations on cases that present features resembling surgical conditions 
which m point of fact are due to some form of cardiovascul ir or non 
surgical disease By proper preoperaiivc care and liming of the operation 
when possible it will dunnusb the surgical risk 1 mally careful diagnosis 
and prognosis will eluninatc many unwise upcntiuns for which palliative 
nunupcrativc measures arc available when the patient might not be 
expected to live long enough to enjoy the results of the surgery 

OBSTETRICAL CONSIDERATIONS 

T/ic problem of the cardne paticne and pregnancy has many ramifrca 
tiuns The physician has to consider not only ihe purely medical aspects 
of the case but also religious social and economic factors Decisions 
will therefore have to differ even when the physical condition of ilic 
lieart may be the same depending on these other factors The vshole 
piubicm IS one in which the medical profession has made considerable 
progress The application of modern methods of diagnosis and ircainiciu 
of heart disease and the institution of a systematic control of cardiacs 
who may become pregnant has decreased the maicnnl moitahiy amongst 
oigamc cardiacs during the past ten years from about 20 per cent to 
about 3 per cent l" By tbc projscr selection of jjaiicnts who slumld 
become pregnant and the intcIIigLiit care dining prCotnncy many lives 
arc now being saved tint were, previously sacrificed 

Effect of Pregnancy on Normal Heart Let us fust consider the 
effect of pregnancy on the normal Iitart Studies of the dynamics of the 
cnculiiionis U 20 1, ive shown tint there is a dcciikd giadual tnrrcist 
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remainder ol the pregnancy E\en tvhen treatment results in restoration 
of compensation, activities should be lestricted to a bed and chair exist 
dice with very little more until after die delivery 

The advice given to cardiacs will diffei material 1) depending upon 
the number of children there aie alread) In die absence of deconi 
pensation or other evidence of grave heart disease all cardiacs should be 
allowed to go through their first pregnancy In fact, they sliould be 
urged to have dieir baby soon The heart does not get better with 
increasing )ears and the mother will live longer to enjoy the life with the 
child than if piegnancy is delated Furthermore, when a normal viable 
child has been obtained witiiout any dilBculues, it is wise to advise such 
a patient to have a second child vdthin the next two jears Most parents 
want more than one child and it is better to make the final deasion 
about this matter immediately than to liave it come up five )ears liter 
The question of a Uurd cluld, providing that compensation Ins remimed 
satisfactory, is entirely optional with the parents When there are already 
three normal children there is good reason to advise cardiac mothers to 
avoid any further pregnancies Although there are numerous instances of 
women with mitral stenosis surviving si\, eight or ten pregnancies, tlicrc 
are a good many odiers who have succumbed Under die best circum 
stances the risk is greater thin normal for any cardiac who belongs to 
group three There is therefore, i definite indication for the use of 
contraceptives in all cases of organic heart disease when there are already 
three children or for performing abortion if pregnancy has already 
occurred There ts very little evidence to show that cardiacs going through 
pregnancies without failure of the circulation shorten their lives Reul2i 
showed that married v\omen suffering fiom heart disease who had borne 
on die average more than five children died at an average age only 
slightly less than unmarried cardiacs In all these considerations due 
attention must be paid to the wishes of the parents, their religious restric 
tioiis and the economic and social status of the household, bearing in 
mind that the actual bringing up of several children is a considerable 
task on a diseased heart 

Stenlization should never be performed unless it is absolutely certain 
that no more pregnancies are to be permitted It is generally unwise 
to perform sterilization at die time of the first pregnancy, for die child 
may not survive the first few days or may be an abnormal cJiiId On 
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se\eral occasions I ha\e seen svell compensated cardiacs s\ho Ind a 
cesarean section at Uie time of their first pregnane) and had liicir tubes 
tied, wiio lost their babies during the first 2| hours They r\erc in a 
sufficient]) good state of compensation readily to hate gone through 
subsequent pregnancies, but had to remain childless the rest of their 
h\es Furiliermore a cesarean ojseniion should not be advised merely 
to enable the obstetrician to sienlue the patient This should be done 
at a later time if advisable Notwithstanding the fact that there is some 
difference of opinion amongst obstetricians I favor the opinion that the 
procedure of choice is delivery by the pelvic route unless there art 
obstetrical indications for an abdominal section The second stage of 
labor should be abbreviated by the use of low forceps The type of 
anestliesia is not of great importance although cardiacs m general do 
well avnh ether If an abdominal operation is decided upon and there is 
or has been cardiac failure or a sufficient number of children have 
already been born, sterilization should be performed at the same time 

It IS obvious that women who are in congestive failure should nut 
become pregnant and should be allotted dunng the first two or three 
months of pregnancy Due if they are first seen in gross failure after 
the fifth month or develop failure m the latter months of pregnancy 
most painsCaLing cardiac ticaiment should be cairied out to recstabltsi) 
adequate compensation or at least to carry the mother far enough to 
obtain a viable child To avoid the development of congestive phenomena 
jj) those suffering fiom major cardiac disease ihe salt and Hind inukc 
should be restricted but* protein should be given liberally and non as 
vvell if necessary Hypoprotememia and anemia are jxateuiial factors 
that may further embarrass the circulation and often can be rcadilv 
prevented 

TJic value of caiefully classifying cases accoidmg lo diii,nosis and 
functional capacity is well brought out by the statistics compiled by 
Pardee 22 He rcjiorted no deaths amongst 157 organic cardiacs wfio 
showed no evidence of fulure on considerable effort one dciili in 180 
patients vvitli only slightly restricted activities 8 out of 169 wlio were 
greatly hunted in their resjxmsc to effort and iG out of jo wlio were 
esseninlly bedridden The results published by Fiizgcraldsa and Hanul 
ton and his collaborators*' art all in accord with these results Despite 
these excellent results unexpected and uiipredict iblc disasters tan occur 
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At times congestive f ulure develojjs even in the form of acute pulmonar> 
edema vUien cventliing pointed to i favorable course Tlie latter ma) 
require morphia and even phlebotomy and ox>gen therapy Rarely 
subacute bacterial endocarditis proves to be a fatal compbcation of what 
would otherwise have been a minor infection These complications 
apart from those to which normal pregnant women are subject are 
responsible for the small but irreducible nioitahty of pregnancy in 
f irdiacs 
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HEART SOUNDS 

ii^CiiUlLESC ^VOLFEKTH \I D IImI Al t\A\OI-K MaRJ OJ ILS MD 

Introduction In the consider ition of sound it is nacssiry to bcir 
in mind that there are too coin|x)nents iinohed ri die icinal \ibn 
tions ind the sensation jnocluced bv these nbruions Stmlcnis of sound 
nny be inteiested punnnly in either or both When llie chnicnu pne 
tices rardne luscultntion he is concerned with ilie auditory scns.itions 
produced by the vibrations If on the other tiand he ic^istcrs (he sounds 
by means of a sound iccording ajiparatus he interests himself in t)ie 
physical charactensiics of tlie vibrations In tin. use of icrminology it is 
necessary to bear these distinctions in mind Thus iniensity and loud 
ness of a sound ate not intcrcliaiigcablc lerms aIUiou{,h as intcnsiiy 
jiicreises or decreases loudness vanes in ihe coricsponding dirertion 
The human auditory apparatus has so accommodated itself to ns envnon 
meni that tremendous changes in iiucnstiy may be reflected by whai 
seem to be much less marked changes in loudness Funhermote the 
sensation of loudness of a sound in ly be modiricd by stimuh immediately 
preceding it Tims recoidcd vibrations do not fanhfully minor what is 
hcaid on auscultation 

The knowledge concenung heart sounds v\hich hid accumulated 
from the time of Laenncc until 1907 when 1 inthovcn pttbhshe<I hts 
string galvanometer method of icgisienng sounds w is based almost 
ciunely on auscultatory studies since previous aiicmpis at reoisirUion 
liad not been very successful The litcratiiic covering ihc period during 
which this knowledge vms m the making icvcals much inacciirafc ohscr 
vaiioii and icisoning rcsjionsiblc for certain misconceptions still widely 
held today On the other hand the woik of some of ihc great niasttis 
of auscultation mnably Poiain must tominand our adimniion 

Sound registtition has made {wssiblc accurate study of the time reh 
nous of heart sounds witli oUicr cardiac events thus funiisluu^ dm 
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essential for ihe understanding ot the mechanism oE production of the 
sounds. Attempts have also been made to study the phjsical character- 
istics of the vibrations, but because of the imperfections of the methods 
of registration available, great caution must be observed to avoid error. 
In spite of these limimtions, Einilioven.l Lewis, 2 \Viggers.^ and others 
have been able to make notable contributions to the understanding of 
heart sounds 

Most of the important heart sound registration studies have been 
made by physiologists v\ho were not jrrimarily interested in tlie clinical 
applications of the method, although many facts of clinical importance 
have been demonstrated There remain wide gaps in our knowledge 
regarding die mechanisms of sounds produced by cardiac action in 
normal and diseased hearts. This discussion is an attempt to bring die 
student and the practitioner abreast with airrent knowledge of die 
subject. 

The unsatisfactory state of die art of auscultation os it is generally 
practiced becomes obvious to anyone in a position to review die findings 
of various examiners of the same patients and the differences in the 
conclusions reached following such examinations. NeverUielcss, it may 
be stated that nearly all diese differences of opinion are unnecessary 
and due to the fact dial many physicians have not rigorously trained 
themselves in die art of auscultation. To acquire diis training, no 
siipcriority of senses is needed. Reasonably nonnal ability to concentrate, 
nonnal hearing, a normal sense of timing and a nonnal appreciation of 
such qualities of sound as pitch and loudness are about all the qualifica- 
lions that are necessary. Most medical students and practitioners possess 
all of diem Many errors in atistuhaiion are diose of omission, due to 
such factors as lack of thoroughness of evuninalion or unfamiliarity with 
certain types of sounds Most students are apt to miss the low-pitchcd 
niunnur of mitral stenosis until their attention has been called to this 
sound and they have become dioroughly familiar with its characteristics 
As soon as dicir receptor mechanisms are trained, they develop proficiency 
in die recognition of the muniiur. Today, perhaps only a small minority 
of even well trained phvsicians recognize widi any approach to accuracy 
such a common and important auscultaiot7 finding as gallop rhydim. 
Nevertheless, gallop rhythm is nearly always easy to detect after one has 
become familiar with it The important steps in acquiring skill in the 
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art of auscultation ate (i) to acquire familiarity tvith liie \arious sounds 
and murmurs and their characteristics; (2) tvhere to listen for them; 
(3) what maneuvers may be employed to elicit or accentuate sounds and 
murmurs, and (4) to educate one’s sense of timing. One of the most 
frequent errors of interpretation of sounds is due to faulty timing. 

What value sound registration may possess for further clinical research 
would be difficult to predict. There is one field, however, in which sound 
registration studies ha\e a real value. Their comparison with ausculta- 
tory findings constitutes an excellent training metliod for sharpening the 
auscultatory faculty. Recently titere has been a great reawakening of 
interest on the part of clinicians in (he study of heart sounds, doubtless 
due in part to improvements in methods of registration. 

THE FIRST HEART SOUND 

It has been established that ilic first heart sound is related to an early 
stage of seiitricular contraction. Etntho\en-i believed timt the sound and 
electrical disturbance in die ventricle begin simuluneously. Wiggers,5 
however failed to confirm Einthoven’s observation and believes that the 
beginning of die electrical disturbance precedes the sound. 

The assumption is generally made diat die first sound heard over the 
precordium is almost wholly left ventricular in origin, but studies of 
as}nchroiious contraction and splitting of the sounds, such as occur in 
ventricular extrasysioles and bundle brancli block, suggest that the right 
ventricle sometimes contributes a larger share than is generally believed.^ 
Aldiough die right ventricle usually contains much less muscle than die 
left and by reason of lower pressure probably does not contract so forcibl> . 
nevertheless, the position of die heart is such that sounds produced in the 
rfgfic chamber may be betcer cransiniued tlirouglt the anterior ebest wall 
ilian those from die left side. 

It is assumed by many writers (bat mitral and iiicuspid valve closure 
are concerned in die sound production and it is customary to designate 
certain comparatively short high-pitched first sounds as having a “valvu- 
lar quality.” It is probable that the valves close early in systole while 
imraventricular tension is still low. There is at present no convincing 
evidence to indicate whether or not valve closuie contributes vibrations 
10 the first sound. The practice, therefore, of describing certain first 
sounds as “valvular" is open to criticism, unless it be clearly undei stood 
iliat the term has no reference to the mechanism of production. 
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A hcioi >»luch may sometimes contribute to the production of the 
first sound as Iicatd o\er ilie prccordium is ilie sudden pressure of the 
contracting ipcx against the chest u ill Tlic imiioitance of Uus factor 
IS also difficult to evaluate, but u is of interest that in cases iviUi a sharp 
apex impulse the loudness of the first sound ma) sometimes be dimiti 
isUcd by Uvnv ptcssvuc vswU a finger over the aici ol ilie inijiulse 



Firi&r 1 t Coiu|)lcie hcari itenX \5 ihc PR inicnaU ilccmse ilie Tim sound 
?>«ouic» louder ll*c pulse rciiuiiu about the same irfeipccti'e of the loudncu of the 
Tint sound fl ‘Vcnujcutar ettape anl minor grade hcaU bVoiV vmb %-ariai)ons in loud 
iicvr of the first Iimu *ouiid dq ending on ilie ViVs micmls the first sound « loud 
when the P R tnfcnal is cumparatnrl) short C Vanaioiu of the first sounds in aunoi 
br f brdlation I'> second an 1 fo nth licats hIikIi are telaincl) picmaiurc the sibra 
lions rf the first sound arc much larger tlian ii) the third and fifih beats The second 
SI unds in ihcse four beats show Jjttic sarulion High pntheJ s}s<olic and loir pitched 
dustohe murmur* are present. 


In discussing the mechanism of production of the first Jieart sound 
^Viggers** has stated that sound intensity vanes directly as the sjstohc 
tension develoj>ed nitliin the venincles and there is good reason to 
believe, vviih the tension developed during the isometric penod of s)Siole 
(the lime beiueen the beginning of ventricular sjsiole and ojicning of 
the semilunar vibes) A coinjjanson of the tune relauonships of the 
first heart sound and the d)namic events of the heartbeat demonstrates 
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clearly that the major jwrtion of the first heart sound occurs before the 
semilunar \al\es ha\e opened Tlie sound would, tlierefore, appear to 
be sjnclironous rvitli at least part of the period of rising tension witliin 
the\entncles Astud) of tlie clinical materia! howeser, does not support 
the Mew that the intensity of the sound \aries according to the actual 



Fjclx£ 2 Die heart sounds tn e.\tja5>$io!jc beai» ^ Tlie lirst round js represented 
b) about the same pattern of tibraitons in the e\tns)stolcs as in normal b^ts The 
sccomi lound /n iiic c.\/fasfSlo/e ttr&i * wraW tibmtom iiid the inlem) hemern liie f/ni 
and second sounds is decreased B Tlie first sounds ate louder in die esirass^toles than 
in the beat ssidi the pialun"cd PR interval and nonnal ispe ot scntriciilar complex 
In die frst cMrassstule the first so md is split C Tlic c\iias)sioIic first sound is much 
louder than the first sounds in the beats uiih prulon;;cd P R inicrsal D Both the Qrst 
and secot J sounds of ilic eviraspiole are spin L Tlie first sound of ihc r\Lra$>stole 
shows much larger sibratioiis than the first sounds of Ihc supraventricular beats in whidi 
left bundle braiuh block is present F The first soun I is split in the supraventricular 
beats (shown g nglii bundle branch block) vvherns in the extras>stule it is single 


nmouiit of ele\ation of mtra\entnciihr pressure during this period 
Evidence bearing on this point may he summarized as follows 

I It lias been shown that the marked variations of mtensitv of tlie 
first heart sound usually present m complete heart block depend on the 
time relations of auncuhr and ventricular contractions ^ These changes 
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m sound intensity are independent o£ changes in pulse \olume (fig i) 
Similar changes m the first sound arc also obser>ed m other disturbancts 
of cardiac mechanism in which varying aunculoaentricular relationships 
occur, such as \entncular escape, extmsystoles (both auricular and \en 
tricular) , and paroxysmal Lachycardia 8 It is easily demonstrable m the 
case of extrasystoles that beats uiih small pulses may ha\c a first sound 
eitlier decidedly louder or fainter than the adjacent noimal beats, depend 
mg in part but not eniirely upon die auriculoicntricular relationship 
(Hg 2) 

2 In mitral stenosis there is frequently a scry sharp loud first sound 
irrespective of the blood pressure or the vigor of the heartbeat Con 
veisely, in mitral regurgitation, the loudness of the first sound tends to 
be diminished and, iii many cases, die sound cannot be heard even at the 
apex, though cardiac contracoon may be carried out m a vigorous manner 
and the pulse volume be good 

Observations of diis type surest (hat some other factor must be 
conceincd in detennimng the intensity of the first heart sound Possiblj 
the rapidity of rise of iniravenmcular tension may be more important 
than the height of tension developed Tlic point may be illustrated in 
the follouing way If a string is suddenly snapped taut, a sound may be 
pioduced even though the tension is low, but if the application of tension 
IS more gradual the sound will be less uidi the same or eicn grcatci 
tension The hypothesis as applied to the first heart sound howcicr 
would be difficult to establish, since no method is available by which the 
rapidity of intraventricular piessurc rise can be determined excejil in 
experimental animals There are some facts however, which would 
seem to favor the hypothesis 

(i) In the case of mitral reguigiiauon, there may be retardation of 
the development of intraventricular tension due to leakage of blood 
(and therefore leakage of pressure) back to the left auricle during the 
early part of systole "Wiggers and Feila have shown that the amount of 
tins regurgit iiion must be small Nevertheless, their curves of intra 
ventricular pressure appear to show that the gradient of rise during the 
isometric period is less sleep when reguiguaiion is present In mural 
stenosis, on the other hand, rigidity of the valve leaflets which holds 
them near a position of closure may favor the rapid development of 
intraventriculai tension (2) Tlie marked difTcrenccs in the first sound 
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associated with changes in auricitloventricular relationships ma) be due 
to Uic effect of auricular contraction on the position of Uie A*V \al\cs. 
It has been demonstrated by Deanio Uiat auricular systole causes marked 
changes in the position of the A-V \alve leallcts. Considering tins fact 
it logically follous that if tlic leaflets were near a position of closure at 
the beginning of \ciuricular contraction, mtra\eniricular tension miglu 
be expected to rise more rapidly tlian if die leaflets were more w’idely 
opened so that some regurgitation of blood (and therefore pressure) 
back into the auricles occurred before \alve closure. 

There is a widely held clinical \iew that a loud first sound signifies 
a strongly acting heart, and a weak sound, a feebly acting heart. Wiggers-i 
has supported this \iew', stating that die relative intensity of die sounds 
may be safely used as a clinical index of die vigor with whicli die ventneu- 
lar contraction is carried out. There is some clinical evidence in favor 
of it: (i) In hearts with small ventricles showing quick wide excursions 
under fluoroscopic examination, the first sound tends to be loud and 
sharp. On tlic other hand, when the ventricles arc enlarged and their 
excursions insignificant, the sound is frequently faint. (2) During con 
ditions of marked depression of die circulation, such as arc produced 
by surgical shock or severe infection, die first sound may be faint but 
uiih the onset of recovery and restored cardiovascular function, it bt 
comes much louder. 

On the other hand, the effects of .\-V time relationships and thsc.ase 
of the mitral valve on the fust sound do not support the view that the 
relative intensity of tlic first sound may be safely used as a clinical index 
of the vigor with which vcntriculai contraction is carried out, unless these 
factors are excluded. The auriculov ciuricular relationships and die func 
tion of die A-V valves in many cases aic far more important in dcicrmin 
ing the loudness of the first sound (ban the actual vigor of contraction. 
Even in auricular fibrillation, in which die variable of auriciilovcniricii 
lar rclaiionslups docs not have to be considered, the loudness of the first 
sound docs not ahsays vary in the same direction as die actual strcngtii 
or foicc of die beat.® Thus, in some cases ihcic may be no significant 
change in the iclativc intensity of loudness of tlic first sounds, even 
though great differences in successive pulse wave's are present. This is 
most likely to occur in mitral stenosis. In other c.iscs, jnemature beats 
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with small pulse waves may have first sounds either louder or fainter 
than the less premature beats. 

In the paragraphs above, the thought in mind has been chiefly the 
signifiaince of variations of the first heart sound as ilic) apply to single 
cases. When an attempt is made to evaluate the first heart sounds in 
dillercnt cases, thcie aie not only tlic factors mentioned above to deal 
with, Init certain others in addition. Thus, lack of synchronism in its 
components may markedly modify the intensity of the sound. So-called 
reduplication or splitting is very common both in healthy and diseased 
hearts Registration of such sounds frequently shows clcar-cuc separation 
of two elements.*' The cardiodynamic studies of Katzti show* tliat per- 
fect synchronism of contraction of the two sides is the exception raihei 
than the lule, and studies of sound records would appear to bear out 
this view. When slight asynclironism Is present hut not enough to pro 
ducc actual separation of two componems, there may be merely prolonga 
tion of the sound and lessening of its intensity. TliU may cause the 
so-called muflied fust sound, it is present in many cases in whicli there 
IS no reason to regard the vigor of cardiac contraction as diminished 

Among othet faciois to be considered arc diflerenccs in shape of the 
chest wall, variations in the {losiuoii of the heart, the varied composition 
and thickness of overlying tissues and their damping effect on the sound 
vibrations transmitted through them. and. finally, the extent of abdominal 
distention, especially the amount of gas in the stomach and its effects on 
the position and action of the heart and the resonance of the sounds. 

Study of the first heart sound in over 500 cardiovascular caseslS ^vith 
special reference to the loudness of the sound yielded the following 
results: In general, youtli, small licait si/e, thin chest wall, thyToioxicosis, 
mitral stenosis and hypertension tended to be associated with a loud first 
sound Old age, thick chest wall, bradycardia, emphysema, shock, peri- 
cardial effusion, mitral 1 egui^itation and myocaidial disease, especially 
myocardial infarction, tended to be associated wiUi a faint first sound. 
The above correlations were slight, however, as compared to the corre- 
lation between loudness of the first sound and duration of the P-R 
interval. Thus when tlie P-R interval was in llie sliort normal range 
(0.12 to 0.14 second) the first sound tended to be loud; when the P*R 
interval was in the long normal range (0.18 to 020 second) the first 
sound tended to be faint, when the P-R interval was in the intermediate 
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range (o 15 to 0.17 second) the first sound tended to be of medium loud- 
ness. In persons with healthy hearts this correlation is remarkably good 
It is exceptional to find, in the absence of heait disease, a loud first sound 
and a long normal P-R interval or a faint first sound and a short normal 
P-R interval. 

In MOW of the considerations stated above, the clinician must be 
cautious in attempting to draw conclusions from the clwracter of the first 
heart sound regarding the condition of the heart. He must take into 
account the v.arious factors which are known to influence the loudness 
of the first sound 

In the above discussion no emphasis has been placed on the quality 
or timbre of the first heait sound, although clinicians can scarcely fail 
to be impressed by the probability that they are significant A compari 
son of sound records made m diffeient cases shows decided variations in 
the principal as well as the niinoi vibrations of fiist heart sounds Fhc 
imperfections of present inediods of legtstraiion do not justify attempts 
to study die finci clnractenstics of the sounds Although there are man> 
exceptions to the lule, the tendency is to associate a so called "booming," 
or "muscular," low pitched and prolonged first sound with hypertrophied 
ventiiculat muscle, such as may occur in arterial hypertension, aortic 
insufficiency, or in the hearts of athletes A short, sharp, higher pitched 
first sound is suggestive of mitral stenosis, hyperthyroidism or the effort 
syiuhome. To what extent alterations ui die character of the sounds, 
such as those mentioned, may be due to differences in muscle mass, 
eJnekness of fibers, extent or rapidity of their contraction, and the 
accompanying intraventricular pressure changes remains unknown 

Splitting of the First Heart Sound: It is obvious both from careful 
auscultation and analysis of sound records dnt the first heart sound is 
a complex phenomenon It has long been recognized that at least two 
major components aie often concerned m its production At times 
these two components arc sufficiently widely separated so that two dis 
tmet sounds may be recognized Tins phenomenon ins been called 
splitting or reduplication of the first heart sound Compnatively lilllc 
woik has been reported, concerning the cause or nature of this sphiiing 
The two chief views have been as follows (i) The two components 
aie of different origin. One is "muscular" and due to movement of 
interlacing caidiac fibers as they contract. The other is "valvular" and 
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due lo forcible closure of tlie auriculoventricular \al\es in the early 
stages of contraction This hypothesis, which is the one most widely 
held, has led to tlie description of the first heart sound as predominantly 
muscular or "valvular" in quality. (2) The second view holds that 
tile mecltanism of production of the two components is similar in nature, 
one component being produced as a result of left ventricular contraction 
and the other as a result of right ventricular contraction. A necessary 
corollary to this view is that when the sound is split there must be 
asynchronism in the action of the two ventricles in at least some pari 
of the early stage of contraction Although this hypotJiesis received 
some support in the earlier luerature, it was discarded for a long time 
because the idea that the ventricles could exhibit asynchronism in con- 
traction was regarded as utuenable.i3 However, duiing the past few 
years, evidence has been produced to indicate that e'en healthy hearts 
may exliibit at least slight asynchronism in contraction of die two veil 
iricles. Funiicrmorc, evidence is available to suggest that one major 
Lonqxment of the first sound may arise in the left ventricle and one in 
tlie right ventricle 0 

A ceitain amount of confusion has arisen m Uie literature because 
of tile lack of a satisfactory dehnition as to just what constitutes the first 
heart sound Registration of the heart sounds reveals the fact tliat occa- 
sionally there may be as many as three separate groups of major vibra- 
tions in tiie time zone during which the first sound is supposed to occur. 
Likewise, groups of minor vibrations are frequently observed. At die 
present time any definition as to what constitutes the first sound must 
be regarded as arbitrary although definition is necessary if the subject is 
to be discussed vvillioul confusion. 

Sound tracings frcqucnclf show minor vtbrat2oBs resuMng irom 
auricular contractions which are not detected on auscultation. These 
vibrations may be regarded as the prototype of presystolic or auricular 
gallop sounds which, will be discussed later. As a rule they begin in the 
range of 008 to o 14 second after die beginning of the P wave. Thus, 
if the P-R interval is in the low normal range die sound vibrations may 
coincide with the beginning of die Q-R-S complex and at times die 
beginning of the Q RS complex may actually precede the beginning of 
diese vibrations. If the disturbance is great enough to produce audible 
sound, the occurrence of diis sound proreding the sound caused by 
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\entncular conuaction may gi\e the impression of splitting of the first 
sound In our opinion there are good pmctical reasons for not including 
this sound of auncular origin as a part of die first heart sound As a 
rule it begins even before the first electrical manifestation of ventricular 
activity and under these circumstances can be recognized clinically as 
pres)Stolic Furthermore, this sound is nearly aluajs a manifestation 
of gallop rhythm and should be recognized as such because of die 
important clinical significance of gallop rhythm The significance is apt 
to be missed if tins grouping of sounds is called splitting or reduplication 
of tlie first sound 



FicLRE 3 Phasic KS( icacory <pl>Uing of (lie lint heart sounil Dcai t vo shot i some 
merenig of the Uto conii oneius beat three $ho\ s them side by side proUiicing a so called 
mulued or prolonged first sound and beat Tne shom a separation of the two components 


A short lugli pitched clicking or knocking early systolic sound (to 
be discussed later) is occasionally heard over the precordial area and is 
usually loudest in the second third or fourth interspace just to the right 
or left of die sternum The occurrence of this sound folloiNing the first 
heart sound is apt to furnish an auditory impression of reduplication 
Houever its area of maximum intensity its clicking or knocking quality 
and Its occurrence at the instant of ejecuon of blood fiom the heart mark 
It off from what is ordinarily regarded as die first heart sound 

In the normal healthy individual die first heart sound may be heard 
as a single or double sound Variations associated widi the phases of 
respiration are not uncoinmon particularly in young people (Fig 3) 
Thus m a succession of beats extending through a complete respiratory 
cycle one may find single short sounds prolonged so-called muffled or 
impure sounds and splitting into two distinct components 

A study of die time relations of single first heart sounds shows that 
die major vibrations usually begin in the range of o 03 to o 08 second 
after the beginning of the QRS complex of die eleciroaardiograni and 
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before ejection of blood. Thus, the sound occurs during the isomcinc 
period of ventricular contraction. 

For the purposes of this discussion, therefore, we define the first 
heart sound as a sound or grouping of sounds heard in die prccordial 
area, associated irith the act of ventricular contraction and occurring dur- 
ing the isometric phase of contraction of the ventricle from whicli each 
component of tlie sound arises. The reason for such a definition is to 
exclude sounds due to auricular contraction and those associated wiUi 
the beginning of ejection from the ventricles, eitlicr of which, occurring 
in close association with the first sound, may be mistaken for true 
reduplication. 

Tlie phenomenon of reduplication, although of no great clinical 
significance, is of considerable imjxiriance to the investigator of the 
medianisin of production of the first sound. Until we arc able to explain 
tiic nature of reduplication, wc cannot expect to advance far in our 
understanding of the first sound. There is good evidence to supjiort the 
victv' that most single first sounds include the two major components 
which, when they aie sidndentl) separated in time, arc iev|x>nsible for 
reclnpllcation. It lias been observed from time to time for )car5 that in 
bundle branch block, there is apt to be reduplication of the heart 
sounds Tins finding suggested the possibility tiiat reduplication of 
sounds in such cases might be related to asynchronism in contraction of 
the two ventricles. As stated above, KatzU had shown that in dogs, 
slight asyncluonism in ejection from ihc two ventricles was a common 
occurrence. It therefore seemed possible that such might also be the 
case in humans and that this asvnchronisin might be considerable when 
bundle branch block is present. 

An attempt to test this hypothesis by rocnigcnkyograms of aortic 
and pulmonic pulses timed by electrocardiograms showed that in left 
bundle branch block ejection into the aorta began several hundredths 
of a second after ejection into the pulmonary artcry.O This delay ui 
aortic ejection could be confirmed by simultaneous electrocardiogram 
and carotid artery tracing. In such caves l>oih compoiicms of the sound 
preceded the carotid pulse. However, in tcriain ventricular cxtrasystolcs 
interrupting left bundle branch block, camiid i)ids.ation was found lo 
occur earlier than during regular rhythm despite the smaller pulse and 
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consequent!) slower transmission to the cirotid (Fig |) In right 
bundle branch block howeier, no delay in aortic or carotid pulse has 
been found (unpublished observations) * Pulmonic arter) pulsation 
in contrast to ivJiai was found in left bundle brancli block, tended to 
lag behind aortic pulsation in cases with split first sounds One com 
ponent of sound tended to precede and one to follow the beginning of 
the carotid pulse III cases wiili split first sounds and no bundle bnnch 



Ficlrc 4 Tlic rtlaiionship of spl t sountls lo left icntncubr ejection t Electro 
cartliof^m and carotid pulse D Etetuoonliosram and sounds Qoih <4 and B were 
made m a paiieijc t iib left bundle branch block and tentncuUr cxirasjsioles Oe<pue 
the nremaiunt) of llie cxtrasjsiolc {uhich tends to cause delay ui ejection) and the 
smallness of its pulse (which slots its vclnois) the premature pulse Calls relaiixtlv 
earlier than those of the supratcntricular beats In the beau sliowinj, left bundle branih 
block both components of the spl t first sound precede the caroud upstroke In the 
cxtrasystoles the first component precedes and the second folloi^ the carotid upstroke 
Tlie scriical lines in D indicate the times of the citoud upstroke C Spl t hrst and split 
second sounds in left bundle branch ) lock Hoih coinponcnls of the spl i first sound 
precede the b^nuiug of the carotid pulse Tlie second coniponent of the split second 
sound beg ns just ahead of (he carotiil inasura and represents aori c closure D The 
rebuons between ejection and spbt first sounds in nght bundle branch block The first 
component of the first sound preceded the carotid upstroke and the second folios cd con 
sidcrably later Tlie first cemponent of the split second sound begins just before the 
carotid inasura and represents aortic dostire The tiaangs in this figure rcDect jrari of 
die etidence indicKuig that in left bundle branch block left seniricubr ejection is 
delayed and that ni right bundle 1 ranch block left tcntricubr eject on does not tend to 
be delayed 

block, there was also found aaynchronism m the beginning of ejection 
inio die two great vessels 

These data seemed to favor the view that sphiiing of the first sound 
at least in certain cases vtas assoaated with asvnchronism m the begin 


* There is one e\cepuon to this statement In premature beats \ ith a feeble pulse the 
beginning of ejection may be grcall) debyed t ithout corrcpondtng delay m the frst heart 
sound (Unpubhslicd observations.) 
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ning of ejecaon from die two \enmcles and tint, in all probibiht), one 
component was produced in each \entriclc Houe\er, die evidence which 
we regarded as most important in favor of diis view was of a different 
type We have mentioned above die fact that the time relation of 
auricular md ventricular contraction may have a very irai>ortant effect 
on the loudness of die first sound This is reflected m sound tnemgs bj 
variation in amplitude of lecorded vibrations 



FtrifRE 5 Complete heart block nnd spin r>ni linrt >ot<n Is Beats wm selected from 
j coni nuous strip of tracinj^ to si o«v Ihc iltcct < f var)ii)g \s \s relations ori cadi com 
poncnl of ihc split fust vrund Eiihct coinpot c»l may Iw rcptcscnicd by s «all or Urge 
iihralioiis depending on US omi iiinc icliiioii to luriaibr cn iirjtlioii 


It seemed dicrefore that if cases could be found which siiowed 
constant splitting of the first heart sound and vaiying aunciiloventncular 
relationships from heat to beat, ii would be imeresling to observe the 
behavior of each component of the first sound \Ve have had die oppor 
tumty to study two such cases m considerable detail 15 In both cases 
each component of die first sound was influenced by its own tune rela 
tionship to auricular coniraclion (Fig 5) Thus, m any given heat 
both components might be represented m the tracing by (1) large vibn 
tions (2) small vibrations (3) the first component having laige vibra 
tions and the second small vibrauons, or (1) the first component having 
small vibrations and the second laige vibrations It seemed to us that 
such behavior could not be accounted for if boih components arose m 




HE.\RT SOUNDS 


521 


1 single \entncle, but on the oilier hand made neccssar) the h)[X)Uicsis 
that one of the ti\o major components arose in cacli \cntncle 

Although the evidence mentioned above would appear to indicate 
that m split first sounds each ventricle contributes a com{)onent the 
possibility cannot be denied at present tliat m certain cases splitting of 
the sound in one ventricle may occur However there is as yet no valid 
evidence to support such a view 

When the tvvo major com|>onents of die first sound are clearly sepa 
rated it is noted that each is of extremely sliort duration usually less than 
that ordinanly found in the first sound (Fig 3) It is probable tliere 
fore that m single first soumls both components aie usually present and 
partially superimposed If the asynchronisin is a little greater so lliai the 
two components are recorded side by side but not actually separated the 
miillled or impure first sound results However in some cases there 
appears to be only a single component to the first sound The clearest 
example is seen m certain cases of left bundle branch block which exlnbit 
a first sound a pause and Uien a systolic munnur an auscultatory finding, 
[xiinlcd out by Kang i-i In sucli cases the sound in all probabihtv 
emanates from the riglit lentiicle In cases y\nhoin bundle brand) block 
but with very sliort single first sounds— the type often described as vaivu 
lar— one may venture to think that tins quality is due to the fact that 
only one component is loud enough to be heard 

When we consider how the first sound is actually produced it is 
clear that tlic dynamic factor must be ventriculai contraction Avaiilable 
evidence points to the view that the major vibrations occur during the 
isometric period of ventricular contraction and probably while iiura 
veninciilar pressure js rising rapidly This force sets up vibrations liliich 
arc quickly damped \Vhat structure or stmciures arc actually set into 
vibration in such fashion as to produce sound has not as yet been estab- 
hslied Some workers adhere to the view that the aunculovcniricular 
valves arc the important source of vibrations whereas some believe 
that various other structures arc also concerned l" So far as we aie 
aware the evidence available at present docs not clearly establish cithtr 
view Furthermore we do not know just what it is that governs the 
magnitude of the vibrations and therefore the loudness of the sound 
It seems probable that the significant factor is Uie gradicm of Uie rise 
of iiuravcntncular pressuic (the amount of force in terms of the s|>ecd 
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o£ its de\eIopinent) in each \entricle and its effect on setting ventricular 
structures into vibration. Such an hypoUiesis, uhetlier cventuall) proven 
to be valid or not, appears to account better than any other now avail- 
able for the behavior of the first sound. 

THE SECOND HEART SOUND 

It may be regarded as established that the second beau sound is pio- 
duced by after vibrations due to closure of the semilunar valves. This 
sound has two components, one furnished by aortic closure and the 
other by pulmonic closure. According to \Viggers.3 the shortness of the 
sound IS due to the quickness with \\liich the vibrations are damped by 
the friction of the blood and lessening of their frequency as the pressure 
falls 

WiggersiT states tliai die intensity of die aortic and pulmonic second 
sounds varies roughly widi the mean pressures in the respective circuits, 
but that dynamic studies show them to be more definitely related to the 
actual pressures existing in die large vessels at ihc very beginning of 
diastole. It IS questionable whether or not ^Viggers’ view* is adequate. 
It fails to explain the fact that extrasystolcs and the more premature 
beats during auricular fibrillation someumes have second sounds as loud 
as more effective beats (Figs, i C and sB). Funhermore, the fact that 
the pulmonic second sound may be quite as loud as the aortic, even 
diough the pressure at the moment of closure must be very- much lower, 
suggests diat factors other Uwn the actual level of pressure play an 
important part. 

It would seem jxissible, therefore, Uiat the difference in pressure in 
a ventncle and in its corresponding great vessel, which must govern the 
speed of closure of a semilunar valve, might be as important as the actual 
level of pressure in responsibility for ihe intensity of die sound Thus, 
if the gradient of fall of intraventricular pressure were comparatively 
steep just prior to valve closure, movement of the valve low.ard the posi- 
tion of closure should be correspondingly rapid and the after vibrations 
correspondingly more intense and productive of a louder sound. 

Clinicians have long taken into account another factor which must 
be concerned in the production of die second sound, viz., the physical 
state of die valve leaflets The character of die sound should depend not 
only on die speed and die pressuie of closure, but also on die capacity 
of the valves to be set into vibration, analogous to the string or reed of 
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a musical instrument. Tliis factor has received much attention in ton* 
ncction witli the aoitic second sound. 

To how great an extent thickening or disease of the aortic leaflets 
modifies the aortic second sound is not known with certainty. Tlie 
accentuation attributed to this factor may be due partly in some cases 
to a more anteiior position of the ascending portion of a normal noita 
or to dilatation, or lortuosit), and, coiisequcnily, better transmission of 
the second sound to the surface Whatever nu) be the actual mecliaiusm 
concerned m the change in sound, either an accentuation or a dcfmttely 
higher pitch of the aortic second sound {m the absence of hypertension) 
sliould immediately lead to suspicion of thickening of the valve leaflets 
oi disease of the aorta. On the other hand, marked diminution or absence 
of the aortic second sound, not accounted for by low blood pressure, 
should suggest lessened mobility of the valve and lead to a careful search 
for aortic stenosis or InsufTiciency. 

Ariel ial hypertension tends to cause increased loudness and higher 
pilch uf the aortic second sound. However, the enonnous variability of 
the sounds in patients with similar degrees of liypertcnsion is most 
impressive. Satisfactory explanations for these difTcicnces are not avail 
able but they may be due at least in part to factors discussed above. 

The various diseases that are known to cause liypertcnsion in Uic 
pulmonary arterial system, sucli as pulmonary .arteriosclerosis, pulmonary 
emphysema, congenital defects with left to right shunt, and certain types 
of left sided heart disease (pauiciilarly mitral stenosis), frequently have 
associated with them accentuation of (he pulmonic second sound The 
mam change is usually in loudness of the sound rather than pitch and 
limhie, in this, it lends to difTcr fiom the aortic second sound Before 
ileciding whether the pulmonic second sound is altered from the normal, 
however, the examiner should .always take into account the age of tiic 
patient as well as the thickness of the chest wall In youth and m the 
thin-chcsied, the sound tends to be coiiquratively louder. 

Splitting of the Second Heart Sound: Splitting or reduplication of 
the second sound is vciy common in iioih healthy and diseased hearts. 

Two sotalled types have been described: That tiue to .isynchronoiis 
closure of the aortic and pulmonic valves: and that due to asynchronous 
closure of IcaflcLs of either valve. Whether or not the latter type occurs 
is doubtful; in most cases the reduplication is clearly due to .tsynclironum 
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in closure of the two \al\es It is present in man) cases of buiuilc brancJi 
blocko (Fij 4 C) and of \eniricuhr cKtnsystoles as uell (Figs z B, D 
and E) unless the beat is InghJ}' premature and intffccinc It nia) be 
discovered in man) cases uitb reduplication of the first sound ulicthei 
the heart is Iieahh) or diseased On the other hand it occuis frcquciul) 
when no splitting of the first sound is discoverable 

There are at least two reasons v\hy the second sound may be spin 
when the first sound is not In the fust place the components of the 
second heart sound are shortei in duntion tinii Uiose of the fust there 
fore an equal grade of as)nchiomsiu luigtit mcrel) jnolong the first 



FiCLse a Phase r«] ratury «|)I ii iig of U c second lean sound In the Tnt a d 
rni) beau ihc t 0 com; onenu are a; pruximaicd closely cno to gtte it e i nj res on 
nf 1 1 n to ged second sound In beat three tl c) are co plcicljr sc[ araicd 


sound withovii causing scpavaiion whereas a might bring about cleat 
cut separation in the second sound that could be boili heard on auscul 
ration and registered in sound tracings Secoudl) the length of d)inmir 
svstole in the two ventricles ma) vary n Tins is probibly best cxtmph 
fied in certain cases which m different phases of lespintion show no 
change in the duration or fiequenc) of the vibrations of the first sound 
wheteas the two components of the second sound may vary in position 
from supcninpositK n to complete sepir ition and rctluplicaiion (Fig 6) 
The observations of Katri i mdiraic that these changes nia) he dependent 
on variations of blood nifiow to the two sides of tlie heart during the 
different phases of respiration or to va^us effect 

THE MID SYSTOLIC CLICK 

In 1913 Gallivardinf*^ dcscrilicd a clickhkc sound wimb occurs 
during ventnculai s)stole and falls between the first and second heart 
sounds In discussing this finding he applied two ttrtns to it niincl) 
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‘ pseudo rcduphcaiion of ilie second heart sound" and ‘‘telcs)stohc extra 
cardiac sound” base suggested the less cumbersome term of inid- 
s)stolic click 19 xhe chief objection to tins term is that Uie sound docs 
not necessarily fall m mid systole, but may occur earlier or later than 
tlus ] 30 int Lian and Deparis-'O independently called the sound Le 
Claquement meso sysiolupie pleuro pericardiale,’ a term \ery sumhr to 
ours except for die last word Avhich refers to Galhvardin s and Uieir oun 



Fioirc 7 Ttic find s>s(clit (IkL I \ jrtJiKii i« i>iii<. fvlmons tu first muI 
vcuitd heart Miimds V \ di>ul>lc cliit 


concepuon of the uiechainsm of production of the sound Galhvardin 
stated that in three cases winch had exhibited the sound during life 
pleuro pericardial adhesions a\eie found at necropsy He believed, there 
fore, that the sound is pioduccd by tugging on pleuropericardial adhe 
sions dining systole, a view whicli at tins tune cannot be regarded as 
established The chcklike sound ran be imitated in the cadaver by 
moving ihe hcait against a subpicunil emphysematous bulla uiih the 
lung applied to tlie inner chest wall while one auscults over this area 
Furthcrmoic the souiul is similar to that which can be produced by 
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injecting air into the mediastm'il tissues (unpublished obserMtions) 

The sound is a click or ciepitating noise not it all like anj sound 
known to be produced ivitliin the heart except the opening snap of mitnl 
stenosis which it sometimes resembles in quilitj but not in tune reh 
tions It IS usuilly i single sound but there may be two or even thiee 
sounds in rapid succession which may give die auditory iinpiession of 
a short friction (Fig 7) It is usually heard best near the apex but 
occasionally as high as the tliird inteispace It is often loud enough to 
be heard over the entire precordium Although it tends to fall about 
midway between the first and second sounds it may be near enough to 
one or the odier to be mistaken for reduplication by those who disregard 
Its other qualities In many cases there is a phasic respiratory variation 
in Its time relations to the first and second sounds so diat in one phase 
of respiration it may be nearer to the first sound and m anothci nearer 
to the second sound 

The mid systolic click is quae common altliougli usually overlooked 
by those ivho are not familiar with as characteristics So far as we have 
been able to ascertain it has no pathological significance It is usually 
found in healdiy individuals but occasionally is present in patients with 
one or another type of heart disease Its chief clinical importance is 
dvtvi VC vs sonvecwncs wrongly vucetpveicd and nwsvakevv (or evvdevvce o( 
heart disease It is for dus reason dial all who examine hearts should 
be able to recognise it 

GALLOP RHYTHM AND THE THIRD HEART SOUND 

The presystohe type of gallop or canter rhythm was clearly described 
as eaily as iSfjS by Charcelay-i Potain 22 however has been die most 
important contributor to this subject He divided gallop rhythm into 
three types protodiastolic mesodiastohc and presystohe and distm 
guished them from splitting of the first and second heart sounds lie 
also stated that the gallop sound could be heard in 20 per cent of normal 
individuals Potain s classification has been modified in two respects 
(1) Following the woik of GibsonSS and of Thayer 24 the protodiastolic 
sound heard in individuals with healtliy hearts most frequently m clul 
dren and young adults has been called the physiological third heart 
sound There has been a tendency to remove tins sound from the 
category of gallop rhythm despite the fact that Thayer believed that 
protodiastolic gallop and third heart sounds were produced by analogous 
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if not identical mechanisms. (2) Most recent writers have denied the 
existence of a separate tuesodiastoHc type of gallop, stating tiiat either 
a protodiastolic or piesystolic sound will occupy a mid-diastolic position 
if the heart rate is rapid enough and that mid-diastolic gallop sounds 
do not occur under any other ciicumstances. According to this conception. 



Figure 8. Prcs}»Co]ic gsltop th>ihin. A, Electrucardiograiu. cnrolid pulse and sounds 
at the apex. The gallo]) sound is r^rcsented by Mbrations of much lower frequency than 
the first sound, Uie s>i.tolic inurintir or me second sound. B, Elecuocardiogr.iiD and apex 
cardiogram. 'The siiminit of (lie promiiicnt piesystolic wa>e (a) ocairs at the same Umc 
as ilic gallop sound. 

so-called mesodiastolic gallop rhythm is in reality due eidrer to pro- 
todiastolic or presystoJic gallop. 

Many discussions of gallop rhytlim have been somewhat confusing 
because of failure to diffejentiate clearly gallop sounds from other 
sounds which superficially resemble them. The differentiation among 

36 
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the various ijpes of sounds is for the most jjari not difficult, except tint 
the physiological third heart sound cannot be disungiushctl from pro- 
todiastolic gallop rhythm on the basis of die sounds 'Flie sounds to be 
considered arc: (i) The so-called systolic gallop or odier sounds winch 



FicLKt 9 A gallop (g) sjmuJaun^ vplming U Uie li^l 

D SnliM.i.g ot Uie finl l>C3il wuwl C l*«v>Mcl>c inunBiir (") 

-TOUpin" cf ihe Kallop ami fml sommU* a* m I raaic »u aii'culiaiory UifftrcniuUon 
fiwii m.TiI firsi iuili a* air wii in D Jittcult. Uoih aic cUni mwulen for a 

|imv)iolic murmur ami first suuml »wtli at i» shoi*n in C 


occur during systole. (2) reduplication of either the first or second 

sound, ii) the opening snap o! mural stenosis, and {|) ihc sound due 
to calaficauon of the iKrncardiura TIic charactensurs wliidi dilFcrcn 
tiate them are luuetl in the appended tabic 
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The presystolic gallop sound is cleaily a lesult of auricular coninction, 
as i\as first stated by Chaiceiay No dependable report of presystolic 
gallop in the absence of auricular beats is to be found m the literature 
We have never recorded it when it was not in close association with the 
P wave of the electrocardiogram In nearly all cases it is initiated within 
a range of 008 to o 14 second after the b^imimg of the P wave If the 



FiDtRt 10 Tji icidtaslol c gillop Th}ibin A Loud gallop soiinib in auriiular Tbrilla 
lion Tlie interval 1 enieen (he second and gallop sound (g) n less m bcai luo ilian m 
I eat four This Mrnuon u dcpcnduii on (he duntion cf the precclng \eniricular 
diastole S ex cirdiogram satue paocit Tlic lai^e protod asiohc i«aic (p) falls at 
the lime the gallop sound is to be expected The Ume relations of the protodiastolic 
xsaxc show tlie same sauadons as (hose of the gallop sound 

sounds arc recoided in conjunction with an apex cardiogram it ts found 
that the gallop sound falls at the peak of tlie wave produced at the apex 
by auricular contraction (Fig 8) For these reasons v\c believe that the 
name might properly be changed from presystolic to aunciilar gallop as 
has been suggested 25 The time relations of the sound are determmed 
solely by the position of auricular systole It is usually 'presystolic 
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because auricular s>stoIe usually falls sliorily before ventricular s>stoIe. 
^Vhen auricular systole moves to some other jwsition in the cardiac 
cycle, auriculosystolic gallop moves along with it. If the A-V interval is 
very short, the gallop sound may be so close to the first sound as to 
simulate splitting of tiie first sound (Fig. 9 A) . 

Protodiastolic gallop occurs uiihiii the range of approximately 0.12 
to 0.20 second after the beginning of the second sound. In quality and 
the areas of maximum intensity, the protodiastolic sounds arc indis- 
tinguishable from presysiolic gallop sounds. Tins sound falls at the 
summit of the wave of early diastolic ventriculai filling. The statement 
has been made repeatedly in the lueratme that gallop ihythm docs not 
occur in tlie presence of auiicular fibrillation. This statement is true 
only so far as presystolic gallop sounds are concerned. Protodiastolic 
gallop rhytlim occurs not infrequently in the presence of auricular 
fibrillation (Figs. 10 and 12B). 

Summation Gallop Rhythm: It has long been knoun that gallop 
rhythm is most apt to be present when the heart rate is mpul, at least 
100 beats per minute. Furthermore, it has been noted iliat prolonged 
aurtculoventncular conduction time hi some way favors the occurrence 
of gallop rhythm. Cubergruzso suggested that jircsysioHc and proio- 
diastolic sounds were due to similar mechanisms and m suppoii of this 
view cited the observation that at vaiious times the same patient might 
show one or the other type of gallop sound. We have been able to 
confinu this observation by recording lieart sounds, and wc have also 
found that both types may be present at die same time (Fig. iwl). 
Furthermore, it has been possible to show that various forms of cardiac 
mechanism which tend to siipcriiujKisc auricular contraction on the 
wave of early diastolic ventricular filling favor the production of gallop 
rhythm 2" If either presystolic or protodiastolic galloj) ihythm had 
previously been present, the coincidence of auricular contractioii with 
early diastolic filling greatly increases the loudness of the sound (Figs. 1 1 
and 12). If both protodiastolic and picsystolic gallop sounds are 
present, increase in heart rate decreases the iuten.d betucen ilitni. 

If the rate goes above 100 they arc apt to incige, with the proiluc- 
lion of a single sound much louder than would be expected from 
simple addition of the two sounds In 1933 we picseiited evidence 
showing the relationship between the behavior of gallop rliyilun and the 
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FicLsr IJ The effeci of hcari rale on ^lop i'li)ibi» A and B Xrona same patient 
In X both I roiodiastolic (p 1 ) and pics>siofic ^loji sounds arc present in B the 
licart rate js accelerated so Uiat the gallop sounds arc merged into summation (s) gallop 
C and D from one patient The proioihastolic gallop sound (g) becomes much louder 
I hen the heart rate is inm-iscd E F G and JJ from one patient. ‘When the rate is 
incicascd (0 gallop rhMhm tg) males m apicannec an I a diastolic \»avc fp) in the 
apex cardiogram (ff) becomes prommenl 
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lime lehtions o£ early diastolic and auiiculosystohc \eiuncular filling 
The teim summation gallop r\is used to refer to the gallop sounds 
eitlier produced or intensified b> coincidence of the tuo mves of ten 



riCLRE 12 Eftecu of occurrence of auncular coiiiraclion m caily veniricuhr djasculc 
on the production of gallop sounds A and O Same pauciit In 4 incomplete summation 
gallop rhythm is present producing a prolonged gallop sound (S) in b the rhyUim has 
dianged to auricular CbnlUtion so Uut only laim lautii shorter protodastohe gallop 
sounds (3) persist C Incomplete heart blodt The gallop sound (3) is present only 
when the 1’ "aie occurs near the end of the T wave The most fasorable position ii just 
at the end of the T Mate (beats two and fite) D In the premainre heat the P nave 
coming just at the end of the preceding scntncular systole causes a summation gallop 
wund (3) E Tuo to one heart blotl. The auncutar heat falling before the \cntricular 
beat taiises only minor sound sibraiions The auncular heat falling in early diastole 
causes a distinct gallop sound (3) 

tncular filling Further studies during die pist si\ yeirs ln\e confirmed 
the validity and usefulness of die concept of summation gallop Tins 
concept permits at least some understanding of nlnt nas fonnerly 
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regarded as jnjstcrioiis beliavior. Most pli)stcians, xmless ilic) arc con- 
stamly on the lookout for fami dull low-pitched gallop sounds, rarely 
detect any type except suuunaiioii gallop. Nearly all iJie loud gallop 
sounds which obtrude thcinscUes on the car are of this type. The 
ciiiicisuis which have been olTcxcd against the hypothesis of sunimation-s 
had all been covered by the evidence presented in the origitial paper and 
have thercfoic requited no further consideration 

Clinical Characteristics: Potain has said that g-illop sounds can some 
times be palpated better than heard He was doubtless referring to 
the impact of the vsavc of vcntikiilar filling vshich accompanies the 
gallop sound. To rctognizc gallop thyihin one must be faiiiiliar with 
the low {iitch of the sound, the (losiiions in the heart cycle it is apt 
10 occupy, the {Msiiions at which it is best hcaid (the a])c\ or fourth 
interspace just to the left of the sicnium) and the maneuvers which tend 
to accentuate it (such ns placing the paiicni in ihc left lateral recumbent 
posiiiojj, or employing some method to inaeasc iJic hc.trt rate)- 

Gallop sounds are vciy variable in their bchavioi They are usinlly. 
hut not always, best licard v\i(h the |xaticiu in the iccumbcnt position 
They may be present during one examination and absent at the next 
Tlicy may even appeal or disappc.tr dtiiing a single application of the 
stethoscope if the rate changes (sec Fig. ii). They lend to be moie 
conspicuous dining decompensation and may disappear with the rccovciy 
of compensation. 

Gallop rhythm is usually '*Icfl sided” and he.iid best at the apex, 
except in hypertensive disease with heart faihiic when it is ficqucntly 
"lighi-sidcd" and heard best in the fourth iuicrspacc just to the left of the 
sternum. Apical gallop sounds arc almost certainly produced in the left 
vcntiicic and those heard near the inidlinc probably in the right ventricle 

Mechanism: The actual mechanism of pioduction of g.il!op sounds 
has not been clearly demonstrated. Some Vvorkers believe that the addi- 
tional sound is ptoduced by vibrations set up iu the auriculovcniricul.ir 
xalxes. 1 *^ Others incline to the view’ that the w.ive of vctitricubr filling 
ir.tnsmiis an im|xict thiough the ventricular wall to .uljaccni structures 
such as the ihcst wail, setting (hem into vibration. 

Those who believe that g.illup sounds aie valvular iu origin m.iy lie 
divided into two schools, namely, those v\ho hold that the sounds .ire 
xluc to opening of the valves, ami those who maintain that they arc 
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ihe finger against lung tissue applied to the inner chest uall and auscult* 
ing o\er the outside of the chest. It is a remarkable fact that gallop 
rhythm is not often heard uith the patient in the upright position. 
However, in Uiose cases in which it is heard in the upright position, it is 
apt to be much louder in the recumbent position. The most favorable 
position for eliciting gallop rhythm is usually the left lateral decubitus 
It is not quite clear uhat bearing these facts have on the mechanism. 

The conception of gallop rhythm piescnicd above has a definite 
bearing on prognosis. Thus, tlie larger the wave of filling or the greater 
Its velocity, the less is the change necessary in the state of Uie heart 
muscle for the production of gallop rhythm. In hyperthyroidism vuth 
more rapid circulation time, and, bcc.msc of tachycardia, only a single 
large wave of ventricular filling, it is quite probable that gallop rhythm 
(summation type) may occur with little alteration from the nonual 
Slate of the heart muscle. On the other hand, as stated above, vs hen the 
heart muscle is severely diseased there is good reason to believe tltat 
gallop rhyiliin may occur in sjntc of little change ftom the normal in 
the wave of filling. The prognosis, therefore, may be modified by 
various factors. In such conditions as hyperthyroidism, anemia, or acute 
carditis, it is apt to be determined by die course of the underlying disease. 
Thus, while gallop rhythm may still be interpreted as die ciy of a heart 
Cor hclp,20 the distress is not necessarily irremediable Studies made in 
groups of cases showing gallop rliytlim indicate that on the whole tins 
disturbance has a serious prognostic significance. Such studies are of 
great value. Nevertlieless, one must guard against die fallacy of ven 
luring a prognosis in any patient on the basis of gallop rhytlim alone, 
any more dian on any other single finding. Gallop rhydiin is a dangei 
signal but one must still discover die nature and gravity of the danger. 
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be difficult to determine to what extent these \ibrations may be 
advenutious due to mo\emeuts of the auricles against the output 
receiver Such a finding does not permit the assumption that a sound is 
being produced wiilim the auricles Tor example gently tapping the 
diaphragm of a stetlioscope produces a sound which seems quite loud 
as one listens through the ear pieces tlie cause of such a sound 
however is not movement of the finger per se but its impact against 
an interposed structure capable of being set into vibration • 



Ficlre I9 Tlie pI>}SiOlog cal ilurd heart sound i and B Same patient C and D 
Same patient lu each ca&e there is a prom nenc pioiodiastol c ^ a\e (p) m the apex 
card ograiu at the instant the third heart sound (S) occurs 


The phenomenon of suinniation affects the physiological third heart 
sound as it does gallop rhytlim There are however, important differ 
ences In gallop rhythm there is usually good reason for believing that 
waves of ventricular filling are increased m velocity or size or that tliere 
IS some disease of the heart muscle In the healthy young people witli 

• Tins factor may ha\c cons derable importance e\cn i hen sounds arc heard or recorded 
from the surface of the diest presided im^ci u uansnnued through Uic dicst s*aU at that 
instant There can be little doubt that impact agaiisc ife inner chest sail contrilutcs to 
sanous sounds hc-ard through the stethoscope or reeled These may be regarded tor practical 
purposes as co npoi cut parts of a heart sound althcnigh the actual place of origin of the s bra 
tiom IS outside the heart Hos eser sibrations set up m an o iipuc iccciscr because of ll e 
transmission of an impact through the chest s all (sibrations s |i cli s ould not be present 
except for the tnicrposcd output rcccjscr) sho iJi) not be rcganle I as a legitimate part of heart 
sotn ds 1 lit hoiitd he looked upon as a 1 n iperfection in teclii ic 
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due to closure The Meu that gallop sounds are due to ojKning of the 
aunculo\entricular tahes in diastole is easily ruled out by considera 
uon of die time relationships, since the sound falls at the summit of the 
protodiastolic ua\e of tentricular filling which comes seseral hundredths 
of a second after opening of the \ahes Those who behe^e die sounds 
are due to >al\e closure assume that is*a\cs of \entricular filling by 
reflection back of die \ahes, push dieni lo a position of closure, dins 
causing a sound Tim hypothesis does not seem to us to be talul for the 
following reasons (i) The sound conics at the summit of die waie of 



Ficctc IS Tli« cfCcct of resp ration uii ih rd Mundi In tbii ca^ (he thutl sounds (3) line 
loudest juit 3{ il e end of esp ration and la mat i ben the lun^ i<cre Ailed. 


filling as recorded in the apex cardiogram (Figs lo and ii) and 
during the downstroke of the juguhr V wa\c If it were due to sahe 
closure it should come after the summit of the filling wa\c, furthermore 
in right sided gallop if valve closure occurred at die instant of the 
gallop sound there should be an inierrupiion in die downward curve 
of the jugular tracing at the same instant since the emptying of die 
venous svstem would be checked if the A V valves were closed However 
sudi IS not the case The downward curve may conunue uninterruptedly 
for at least 002 or 003 second after die beginning of the gallop sound 
fe) All sounds that we know to be valvular in origin are much higher 
in pitch and tend to be shorter in durauon Uian gallop sounds 

A wave of ventricular filling is indis|>ensablc for the production of 
gallop rhythm Anything tending to increase the sire or velociij of 
sucli a vvave favors the production of a gallop sound Among such 
factors are fever anemia hyperdijToidism or heart failure witJi increased 
intraauncular pressure In some cases, a third sound can be heard 
during only a part of die respiratory cycle (Fig 13) Occasionally 
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alternation in tlie gallop sound is present (Fig 14) Bolli of tliese 
phenomena are probabi) due lo \ariations in the i\a\es of leiitricular 
filling Otlier factors known lo fa\or the production of gallop rh>llim 
aside from the summation phenomenon discussed previousl) are sudi 
diierse conditions as acute rheumatic caiditis the so called anterior 
or apical myocardial infcirciion and the dilated failing lieart of hyper 



TciREli Alienate in gallop sounds A True aliemai on > h cl Uic gsllop 
sound! (3) ero ultematel) qu le loud and faint Altlough entna lar ahernauon as 
prcic 1 no defn ce alicmac on n loudness of e her first or ccond sounds as detected 
D Pseudo altcmai on of gallop sou ds (3) due to left bundle branch block in altema e 
beau TTie onset of let! entr eular d as ole is delated h) en left bundle branch block 
present so llat the follow ng aurc lar to tiaaoi occurs early enough n scnir cular 
d aslole to produce summat on and therefore a loud gallop sound (d) 

lensne disease It seems probable Uiat in such conditions die altered 
slate of the heait muscle may offer less lesistance lo the impact of wates 
oi temncuhr HUtng At 3 i}'ih}c cMdeiice suggests tiwt m some cases the 
increased waves of filling are chiefly lesponsible for die production of 
the gallop sound in otheis inyocaidnl change Hov ever the conibma 
tiou of these two factors is most apt to produce gallop ihyilim 

The low pitch of the sounds Uieir areas of ma\imum intensity 
ilieir lime relations to the waves of ventricular filling the prominence 
of these waves in apex cardiograms their palpability vvhen gallop 
rhythm is present and die important bearing which the state of the 
ventiicular muscle (but not the valves) has on the production of gallop 
sounds would all seem to favor the impact hypothesis The sound 
can be quite faithfully reproduced in the cadaver by gently tapping 
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the finger against Jung tissue applied to the inner chest and austuli- 
ing over the outside of the chest. It is a remarkable fact tliat gallop 
rhythm is not often heard tviih tlic patient in Ujc upright position. 
Houever, in tJiosc cases in which it is lje.ard in die upright position, it is 
apt to be much louder in die recumbent position The most favorable 
position for eliciting gallop rhytJim is usually die left lateral decubitus. 
It is not quite clear what bearing these facts have on the mechanism. 

The conception of gallop rhythm presented above has a definite 
bearing on prognosis. Thus, the larger die wave of filling or the greater 
Its velocity, die less is die change necessary in the state of the heart 
muscle for the production of gallop rliytlim. In hyperthyroidism with 
more rapid circulation lime, and, because of tachycardia, only a single 
large wave of ventricular filling, it is quite probable that gallop rhythm 
(summation type) may occur with little alteration from the normal 
state of die heart muscle. On the other band, as suted above, when the 
heart muscle is severely diseased there is good reason to believe dial 
gallop rhythm may occur in spite of Hide change from die normal in 
the wave of filling. The prognosis, dierefore, may be modified by 
various factors. In such condtdons as hyperthyroidism, anemia, or acute 
carditis, it is ape to be determined by die course of die underlying disease 
Thus, while gallop rhythm may still be interpreted as the cry of a heart 
for hclp,23 the distress is not necessarily irremediable. Studies made in 
groups of cases showing gallop rliydiin indicate that on the whole this 
disturbance has a serious prognostic significance. Such studies are of 
great value. Ncvcrdieless, one must guard against die fallacy of ven- 
turing a prognosis m any patient on the basis of gallop rhyduu alone, 
any more dian on any other single finding. Gallop rhydiin is a danger 
signal but one must still discover the nature and gravity of the danger. 

The Physiological Third Heart Sound: This sound, which is very 
commonly present in healthy children and not infrequently in young 
adults, has auscultatory characteristics identical with gallop sounds. 
Over the chest wall, the sound heard is nearly always protodiastolic. 
Low frequency vibrations may sometimes be recorded during the pre- 
systolic period, but are only rarely audible.30 Hovvever, as long ago 
as 191 1 , BenjaminsSOa and more recently Taquinisob have recorded 
vibrations corresponding in time to auricular contraction when output 
receivers were placed in ilie esophagus at the auricular level. It would 
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be difficult to detennine to uliat e\.tcnc these tibratioiis niaj be 
adveniiiious due to mo\emenu of the auricles against the output 
reccuer Such a finding does not penmt the assumption tint a sound is 
being produced uitlim the auricles For example gentl) tapping the 
diaphragm of a stethoscope produces a sound tv Inch seems quite loud 
as one listens through the car pieces the cause of such a sound 
houe\er is not moseinent of the finger /ic» sc but its impact against 
an inierposed structure capable of being set into vibration * 



Ficlre 1^ The ph>»i(ilOo cal (hini hcati sound i and R Same |>< Oent C and D 
Same paiicnl Ih cadi ase then* u a prviumenl pri>uxlia«iohc \ aie (J) in ihe apex 
ardiogram at the instai I the third heart sound (3) occurs 


The phenomenon of summation affects the ph)siological third heart 
sound us It does gallop rhythm There are however, important diffei 
cnees In gallop rh)thm there is tisunll) good reason for believing llni 
waves of ventricular filling are increasctl m \elocii> or site or that there 
IS some disease of the heait mtiscie In the heafi/i) jouug people uuli 

* This factor may hasc cons dcrabic in portaitcc eieti i I tii « ui ts arc heard or rctordwl 
from Uic surface of the chest prontled /wpoet is trail lujttni iJirough ihc chest wall at ihai 
instant Tlicre can be liulc doubt Uiat ifni>act against the inner chest uall contributes to 
sanous Sounds heard through the stctl oscoi c or recorded Tlicsc may be regarded (or jiractical 
purposes a$ component parts of a heart so ind althsKigh the actual pticc of urigin of the \ibra 
tions IS outs de the heart Ho» eser vil rations set up m an o mnii rccciser because of the 
transmiSMon of aw impact through ilw dust vail (vtbcaii ns "ludi uoull not be present 
excel t for the interposed output rctc set) should w i be rrgatdnl is a Icgiiimaic part of heart 
soui ds ) II slioulil I>c looVcd I pi n as an nnprsfectioii in technic 
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ph)$iolugical third heart sounds, tliere is no reason foi believing any 
of these factors to be present. If, therefore, the sounds have a similar 
mechanism, it is necessary to postulate that in youth the heart muscle 
possesses some quality that later tends to be lost. Such a quality might 
be a certain pliability or chsticity, wliich would permit the impact of 
the wave of ventricular filling to be transmitted through the ventricular 
u’all more readily than occurs in older, less elastic muscle. We have no 
proof to offer for such a view* except for the fact that in apex cardiograms, 
rather large waves are found, corresponding in time to the third sounds, 
just as in the c:isc of gallop rhythm (Fig. 15). If this view' is correct, 
tlie mechanism of the physiological diird heart sound is closely related 
to dial of gallop ihyihni The question may be asbed why' it is iliat, 
when the rate is slow' enough to avoid summation, prcsystolic physio 
logical third heart sounds are so much less frequently heard than 
prcsystolic gallop sounds This may be due to the fact dial in die young 
healthy heart, with no tendency to incre.nsed venous pressure, the auricle 
IS not likely to contain a large amount of blood in ihe latter pan of 
ventricular diastole, wlien auricular systole occurs, so that a large wave 
of ventricular filling would not be expected at that time. 

THE PROTODIASTOLIC SOUND ASSOCIATED WITH 
CALCIFICATION OF THE PERICARDIUM 
In 1933, Lian, Marchal and Pauiratai described a “strong vibrating” 
sound heard in early diastole in two jKitienls vvith calcification of the 
pericardium. They termed it protodiastolic pericardiac vibration. We 
have observed and recorded this sound in several patients. The time 
relations of the sound are identical with those of protodiastolic gallop 
rhythm although the sound tends to be much sharper, higher-pitched, 
and louder It has .associated wuh it a vigorous apex impulse wJucli 
falls at the same instant as the sound (Fig 16) The mechanism of 
the sound production is probably somewhat similar to that of gallop 
rhythm, with the sheet of calcium influencing the production of sound 
vibrations in some way as yet not understood. We have noted the loud 
sound only in cases with circumscribed calcified areas In one case in 
which Uie heart was found to be almost completely encased in calcium. 
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u faint sound uiih similar time relations could be heard only near the 
base. Tlje area over tvhich die sound is audible appears to depend on 
its loudness. 

SYSTOLIC GALLOP RHYTHM 

The term ineso*S)siolic gallop was first proposed by Culler and 
BaibiIlon32 uho have receited credit for the djscoiery of systolic gallop 



Fir.LRF IG The prutoUiasiotlc pcrioxliac ^ibratiun. .1 and B. Same (laiicnl Tlictc 
ua$ a loud suiolic ntiinnur (>») , .1 sharp ihird sound (3) and at the same linic a diam 
out^anl thrust at (he apex (p) . 


rliytlim. However, Uie descriptions to be found in their article are 
\aguc and giNC the impression that they were mistaking such common 
conditions as splitting of sounds and diastolic types of gallop rhyilim 
for systolic gallop. Howeser, Potaiii^^s a little later dearly described the 
aoriic type of systolic gallop rhythm. TJjcrc has been, more jcccnily. 
.1 tendency to include the mid-systolic click, with the systolic g^dlop 
boviud.^ t.a.'i The aonic systolic gallop souitd falls about midway between 
the fust and second sound. There is icmarkable comLwey in its time 
rckatiuns from beat to bc.it. It is a little higher in pitch than diastolic 
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gallop sounds but has none oE Uie clicking or ciepitating character of 
the mid s)stohc click It is heard best in ilie aortic area It may occur iii 
cases tvith typhoid or typhoidlike feters {we observed it in one girl uiiii 



Fi«rf 17 S)»(o)iC gallop rhjUim 4 H aiul C frum same {Mtienl In -1 die sounds 
ucre recorded m «hc firsl inicrs|>acc lo llic tight of Uie stemum At this position the only 
conspicuous sound aside from systolic and dtast<4ic murmurs »a$ a loud nearly mid 
systolic sound (g 1) In C at the apex fim and serond sounds were recorded and also a 
loud sound (g 2) slight!) later m time Uian the nud systolic sound tea rded at the base 
In JJ sounds recorded m the founh interspace just to the left of the sternum show both 
the aortic and apical systolic gallop sounds (g I and g 2) split hrst and second sounds 
as well as the systolic {•» 1) and diastolic («i 2) murmurs 

acute nubary tuberculosis) hyixrrieiisuc cardiovascuhr disease and 
aortic uisufTiaency The last four cases m rvhich we have discovered 
systolic gallop rhythm all had aortic insiiffitiency and it apparently occurs 
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more commonly in this condition than any other. We were able to obtain 
a roentgenkymograni oE the ascending aorta in one patient tvith aortic 
regurgitation and systolic gallop rhythm.ao It was found tltat the systolic 
gallop sound was synchronous with the peak of the systolic expansion of 
the aorta. It is probable tJiat the sound is due to checking of the expansion 
of the ascending aorta (as \vas first suggested by Potain) or to the impact 
of the expanding aorta against surrounding stiuctures. 

A similar sound, heard at the apex in one of our cases with aortic 
systolic gallop rhytlnn3« fell 0.04 second later than the aortic sound and 
u’as synchronous with the peak of a positive wave in the apex cardiogram, 
suggesting that impact of the ventricle against dte chest wall as a factor in 
its production (Fig. 17). We have not as jet observed systolic gallop 
rhythm in any patient with a normal cardiovascular system. 

THE OPENING SNAP OF MITRAL STENOSIS 

This sound has been confused by some writers with reduplication 
of the second sound and by others with gallop rhythm. Duroziez,37 
Guttman,3a Saiisom,30 and Rouchcs-*o described it and differentiated 
it from otiier heart sounds. It is a short, sharp, snapping or clicking sound, 
usually occurring 0.07 to 0.15 second after the beginning of the second 
sound. It is usually heard best in the diird or fourth interspace, near the 
anatomical position of the mitral valve, Utis position being higher and 
farther to the right than the usual point of maximum intensity of left- 
sided gallop sounds. We have made studies of its unie relationships to 
various odier cardiac events.41 It occurs just before the beginning of the 
diastolic murmur of mitral stenosis (Fig. 18). In contradistinction to 
the gallop sound, it does not have associated vvitii it a prominent wave in 
the apex cardiogram, but occurs approximately 0.03 second before the 
small piotodiastoHc wave usually present in initial stenosis. The signi- 
ficant time relationship of the snap in cases having split second sounds 
is with the aortic component (Fig. iSC). The interval varies in 
auricular fibrillation, being shorter after highly premature beats and 
longer after delayed beats. All available evidence indicates that the 
sound is due, as both Guitman and Rouches believed, to sudden curtail- 
ment of the opening movement of tire steuosed mitral valve as the blood 
flow from the auricle to the ventricle begins in early diastole. 
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FirLR£ 18 The opei ing i^nap of miual ucnoss A and B Same patient i Sounds 
were recorded t here the d m nuendo and crtsccndo murmur (m) ot mural sicnos s u-u 
loudest in order to show lU t n e relaiion lo the opening snap (DS) The snap occurs 
during the auscultatory gap (AC) between the second sou id and tl c beginn ng of the 
murmur JJ The sounds i ere recorded » here il e snap (Z3S) s as loudest At U is area 
the munnur was rclal tdy ns gnificai t C Loud open ng snap (DS) in a patient i iih 
m cral stenosis n \ hoin the dnsiol c munnur (m) s as barely au hi Ic In the second 
beat the iccoid sound s ipiit C* 2^ so ibai three separate Jo id soui ds are beard m 
rapid success on The f rst of these r^resents aoruc do ure a id it is to tl is so nd that 
the snap (DS) ma ntams its sign fcani tune rdat on In auricular fibr Hat on this tune 
saties depending on tl e length of the prcced ng \enir aiUr d astole 
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T])e opening snip Jiai i pnctical \ahie in the diagnosis of mitral 
stenosis second onl) to tliat of the characteristic murmur It is present 
in rvclJ o\er half tlie cases and in many n is distinct and eisily heaid 
when the murmur is difficult to eliat Its sharp snipping or clicking 
quality distinguishes it from all otlier sounds heard during diastole Its 
point of maximum intensit) and time relation to the second sound also 
help to differentiate it from both reduplication of tlie second sound and 
protodiastolic gallop rhythm So far as our experience goes the op‘ening 
snap occurs onl) in mitral stenosis Others hate stated that it occurs in 
aortic insufficiency and adhesive pericarditis It may be heard in cases 
of aortic insufficiency in ivhich imiral stenosis is also present but not 
otheruise The statement that ic occurs in adliesive pencarditis is an 
error possibly due to confusing tlie opening snap with the protodiastolic 
pericardiac vibration of Lian present in some cases with calcified 
pericardium The two can be differcmiated by tlie time relations and 
areas of inaMmum audibility of tJie sounds as well as by tJie fact that liie 
pencaidiac vibritiou has a sbaip palpable impulse associated widi it 

THE SEMILUNAR OPENING CLICK 
^Ve have leceiitly Iiecome aware of a sound occurring in early systole 
avhicli we believe we had previously either overlooked or mistaken for 
Uae vcond component of a split first sound (Observations to be leporied ) 
The characteristics of tins sound arc so distinctive that once tiiev are 
known the sound is easy to recognize Tlic term semilunar opemn 
click was adopted to call attention to the character of the sound the 
area over which it is heard best and ns tune relations It is loudest at 
the base eitJier over the lortic or pulmonic area WJien n occurs o\ei 
the aortic area it can be shown by simultaneously recorded sound and 
carotid artery tracings to fall wiUiin Uic range of ooi to oo** second 
before the primary carotid oscillation (Fig ig) This means that jt 
IS approximately synchionous vvith the beginning of ejection into die 
aorta When the sound is heaid best over die pulmonic area the rela 
tions to the carotid pulse arc not quite so constant but it is probable 
that m such cases the sound is synchronous with beginning ejection into 
the pulmonary artery The sound is short high pitched and usually 
chcklike in character The time of its occurrence is such tint grouped 
widi a single first sound the two may resemble a split fint sound How 
jr 
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e\er, the click may be present when ilie hrst sound is spin Under these 
circumstances die click in some cases may fall betneen the tuo coin 
ponenu of the split first sound or in others may follow the second 
component 

The semilunar opening click is most likely lo be found ivhcn the 
heart has extra uork to do Most of our piiienis in whom tins sound 
was heard over die aortic area Ind systemic arterial hypertension In 
two aortic aneurysm was pieseni In the patients in whom it was heard 



Ficure 19 The »c I iiisr (>|>cnii ^ diet {t) rccorilciJ ai ihc )>asc \t (I « irca tl e 
Tru sound (1) v as ms gn feant Tl e cl ik « as loud a d shasp and ptca'ded the orot d 
upstroke by 0 02 second The Gba as run rapdiy to display tune rclaiio s Fjidi vnii 
cal 1 nc represents 0 01 second 

best over die pulmonary artery there was dilatation of the pulmonary 
vessels suggesting pulmonary hypertension We have heard die sound 
in several patients wiUi patent ductus arteriosus 

SOUNDS IN WHOSE PRODUCTION THE PRESENCE 
OF AIR PLAYS A PART 

I Water wheel Murmur The best known of dns group of sounds 
IS a spectacular churning or sploshing noise die so<alIed waterwheel 
murmur (brim de la roue hydrauhque) or bruit de moulin heard 
over the precordial area when both fluid and an are present in the 
pericardial sac These sounds may be very loud so that they arc audible 
some distance from die cJjcst more often however, they can be heard 
only by applying the stethoscope or ear to the precordial area Tlie 
sounds are rarely observed except m dealing with war wounds involving 
the cliest However, the combinauon of air and fluid in the left cliest 
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also has been described as producing a splashing sound The presence 
of air and fluid in the pericardial sac does not necessarily mean that die 
ivaterivheel murmur i\ill always be present One of us failed to elicit 
It in a case m which approximately half of a large pencaidial effusion was 
withdrawn and replaced by air 

2 Splashing Sound Appaiendy the combination of a large over 
active heart and just die piojici mixture of gas and fluid in die stomach 
may also produce a splashing sound with each heartbeat O H Perry 
Pepper-t2 has reported such a case and lefers to a similar case previous!) 
reported by Spillman and Perrin -is Pepper recently while making 
rounds heard a similar sound in a patient with aortic insufilciency 
and a very laige heart The splashing sound in tins patient lasted for 
only a shoit time and was not heiid again during his stay in the 
hospital Tins sound has little clinical si^^nificance beyond the fact 
that It should not be confused with the waterwheel pericardial murmur 

3 The Pericardial Knock This designation has been applied to 
a knocking or capping sound iicard over the diesc usually during the 
systolic phase of die heartbeat m certain cases with left sided piieu 
modiorax The term seems mcpi since so far as is known the pen 
cardium is not an important factor in the production of die sound 
According to Barnwell 44 jt was first suggested because of ihe finding 
of a shell fragment m the pericardium of a patient exhibiting the 
sound This is also one of die sounds which may be quite loud and 
heard some distance from the chest The patient is usually quite 
aware of its presence Scatteied case repoits are to be found in the 
older literature Rees and Hughes4« reported 9 cases with very loud 
tapping sounds following wai wounds of die chest although some 
of their cases may not liave belonged in diis group Various cxplana 
tions for Its mechanism have been offered Barnwell and Greene44 
suggested two possible mechanisms (i) die free diastohc fling of the 
heart against the left diaphragm over a distended hollow abdominal 
viscus ( 2 ) the uncusluoned systolic impact of die heart against die chest 
wall in cases of left pneumothorax Cooper (observations to be reported) 
has found Uiat the sound can be elicited in a large proportion of patients 
in whom left sided pneumothorax has been induced in the treatment 
of tuberculosis He observed however Uiat it was necessary to place die 
jxitienis in certain positions of recumbency usually m die left lateral 
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decubitus, in ordei to pnxluce tlie sound k is tremendously influenced 
b) die phase of respiration In studies of some of these pitieius made 
uith Cooper, we concluded dial jinpact .igainst the cJicst wall of die 
pariiall) collapsed lung, as it is nioted with die heart during sjstole, 
IS responsible for die sound Tlie lung movement can easily be seen by 
fluoroscopy Furdieimoie, this hypothesis fits in well with the influence 
of position and respiration on die production of the sound 

4. Sounds Due to Mediastinal Emphysema The most important 
discussion of this subject is found in the recent paper by Hainman -to 



ririRfSO Mici »>siobc short loiid acpiMling Htiuul (r) in a lutient 
unit intduwinal cmpli>»ra)3 


It was Hamman s belief that in his cases there was interstitial emphysema 
of die lungs which traveled to die mediastinum Presumably die cause 
of die sound is movement of the heart against the emphyseimtous 
tissue, vviih the production of sounds ainlogoiis to diose produced 
by the pressure of a stedioscopc against subcutaneous emphysema 
These sounds may be quite loud They are noted by the paiieiu 
himself and may soineiinies be heard across the room Ilamman 
used many adjectives in describing the sound, including such lenns as 
crunching, cracUing, crepitating, bubbling, cheUng and popping ^Ve 
have observed a similai sound in one pauent after perirenal air injection 
and in anodier after paravertebral novocain injection of die uppei 
dioracic sympathetics (To be published) In both patients a loud 
crackling sound was heard dunng systole (Fig 20 ), but one case 
differed from those of Hamman m that at times a similar but less loud 
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sound lould be hcaid dnrinij di. 7 slolc. ^Vc assumed that in our eases, 
air had tri\clcd to the mediastinal space fiom the sites oE injctiion. In 
one, air could be demonstrated tn Utc mediastinum b) locntgenograui 
Menchcr,!' has recently shoun that mcdiastin.tl cmphjseina is not un 
common after pciircnal air injection. So far as arc aware, tins sound 
has not been obsersed prcsiously after |>ar.ivertebral injection. We Iia\c 
been able to duplicate Uic sound heard in out patictits b) injecting air 
into the mediastinal tissues of a dog. 

SOUNDS ASSOCIATED WITH AURICULAR CONTRACTION 

Thcic ate certain sounds due to amicubr activity such as auncuhr 
friction sounds (obseived occasionally in pericarditis) .and minmuis 
(commonest in mitral stenosis) uJiJcb do not fall within the stojx* of 
this discussion. ^Ve have discussctl previously two elTects of auuuilar 
contraction on sounds emanating from die ventricles. These aie the in 
iluencc of the Vs time relation on the loudness of the first heart sound 
and the role jilaycd by auricular contraction on the produitiuii of 
picsystulic and summation types of gallop rhythm. 

It has long been known ilwat sounds corresponding in lime to auiirular 
activity can often be licaid in eases of heart block. As long ago as 1807 
Pau/In>ts supported the view that these sounds were due to closuic of 
the auiiculoicntricukn valies following nnmcdiatcly aftei .unuuku 
contraction.* GallavardiiHO dissented from Pouzin's view and held 
that these sounds ate analogous to iliosc of g.dlop rhythm and .iiise in 
the ventricles. He projxisctl that the auscult-aloj-y sign be calkil 'galop 
du block.” 

Leuis,t>t on the basis of phunociidiogtaphic studies, fouiul that tlicrc 
is sometimes a "double .auiiciilar sound.” He suggested tJiat the first is 
due to contractinii of (he auricles and tension in Its walls and the second 
due to closure of the auiiculovcmriculai v.ilvcs following cessation of How 
from aurituJes to vcntritlcs. IVJicii only a single souml is hc.ird. lewis 
suggested that it is due to valve clustnc. la our cx]>cricucc the double 

* Oriiriili '■'> in i'f ihi« l>pc. nnOc tltc (iiiilicr »Ir«Tta(i(>n ilui nlnni 

4urulM jirut icnuicict (untiicuxl it jIiwu the umc lime llic Tii't licari utiiiui hkclt m 
lie iiiiiih |i»uUr linn in mlnr l>caw r,itiriih« i>tnCT%.iii(n) j|>)>iuiii|y nut (omulnnl iiii|><>r 
uni at ilat nine lot ctcniiuIW lo itxr ilisttixir) tlisi ilic nine idatiuiu <>[ aiiiidilir ami 
M-niiwnlsr aiiiuly cr^ot a iioniiriil inniiciuc on ilic tunUnox of Ilic ticxi wjuiul tvc.ii viinii 
llie iJiili ic inixhaniMii li iiuiiiial, a |ilKinmicituit wIimIi mc luxe dixun^ol in tiMinoiiun x>ii)i 
tlic (iivi liraii uHiiul lloucxrr. il i« dear tlut tltc nNilitlMiinNi i>( itic aiiiulL-x to the iniolin 
(■■■n ut ilic Tirw licaii w>umt n iinliicii. ilue to ilic Otrd i.f aunoilar ilmlutKC un xciniiinlar 
activU). ainl not due lu H>unil tni^inawng Mitiuii die autKki (licmxcWu. 
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luncular sound is e\treijiel> rare Wc have recorded it m onl) one case 
It IS possible that the second component oE ilie sound is due to aunculo- 
\entncnlar rahe closure In boUi Lcuis case and our oun, it began 
approMinaiely 030 second after the beginning of the P ua\c (1 ig 
21) Houever, ne have not observed tins late sound m the presence of 
normal rhytlmi,* although a\e liave lecoidcd it as a single auiicular 
sound in cases of heart block 



FiceRE 21 A "DouLIc ai ocular nouihI (a I a 2 ) in rninj Icic 1 can Moik VVini 
auricular mntiaction falls during rcntncular contraction an extra m ui d (a) is reenrded 
liasing the same l me relation to the P s -ate as the fitsi ct in|>onciit (a i) of tl e dnuble 
sound S \pcx card ogram Same patient fll c P «ascs m Uic dccuoardiogram ran 
barely be seen due to fa lure to loosm and sundardi/e the sinng) When houcirr (he 
auricles b«t during certain phases of sinuicular systole an extra wase (x) may be seen 
ID the ancx card ogram muw larger itun vases caused b> auncutar contraction during 
scnincular diastole (n) Wc tniaitet ilcvc large ssascs at indicatin,, that auiicular 
contraction vas mosing the sentride as a vliole against tlie chest vail Dunng d aMole 
vhen the scnincular vail is Hacad no such » asc is found but only small vaves of filling. 

The first component is apt to fall 008 to o 1 { second after ilic begin 
mg of the P wave, as is the case in prcsjstohc gallop rh>ihm It is probably 
not due to AV valve closure ^Vc have pointed out previously m this 
discussion that presyslohc gallop sounds precede tint event In bodi 
Lew is and our case of heart block 1 sound Inv mg the same time relation 
to auricular activity as this first component, vvas heard and recordal 
even during the ejection period of veimicular systole (Fig -i) 

‘If due 10 \ V vahe closure 11 could not occur vlien the P R intcn-al 1* normal sirce 
the «hc would already be closed b) scntticular ctmuaclioii 
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Characteristics of the so-called auricular sound, \vhich falls in the 
range of o.o8 to o.ii second after the beginning of the P ^va\e in cases 
of heart block, are as follows: (i) It is likely to be much louder when 
it is superimposed on early ventricular filling than at any other time 
(in this respect behaving like summation gallop). (2) It is low-piichcd. 
(3) It is heard best near the apex. AH Utese findings, togetJrer w’ith its 
lime relations, support Gallavardin’s view that it is a form of gallop 
rhythm and tliat, although the sound results from auricular activity, it 
actually arises in the ventricle. Such an explanation, however, does not 
account for the sound heard dunng ventricular systole. In our case 
this sound, like die first component during diastole, w.is also heard best 
at the apex. An apex cardiogram and a roentgenkymogram of the left 
ventricular border both showed a wave whose peak w'as simultaneous 
with the sound- In the former, ihe auricular wave during ventneujar 
systole was very prominent (Fig. 2\B). We concluded, therefore, that 
auricular systole, occurring during ventricular systole, pushed the con 
iracluig ventricle against the chest wall causing impact and producing 
sound. 

One may raise the question as to why "galop du block" should be 
relatively commoner in cases of heart block than is presystolic gallop 
rhythm in cases with a normal cardiac mechanism. We have been much 
impressed by the rapidity and extent of ventricular dilatation which may 
develop when complete heart block replaces normal sinus rhythm One 
possible mechanism is that, under such circumstances, the thickness of 
the ventricular wall must be decreased so that a wave of ventricular 
filling caused by auricular systole would result in less absorption of the 
impact in die ventricular wall (and therefore more transmission to the 
chest) than would be the case if that wall were thicker. Furihennore, 
in cases of heart block with slow ventricular rate, ventricular systole 
is prolonged so that in early diastole the auricles are likely to be 
engorged with blood If auricular coiitraction comes at such a time 
it is apt to augment gre-rtly the wave of titc early diastolic filling, a circum- 
stance tihidt would be favorable to the production of sound. 

In some cases of heart block, a sound associated with auricular 
activity is heard best in the third or fourilt interspaces and not at the 
apex. So far as we arc aware, these sounds h.rvc not been carefully 
studied but Uicy may be die same as die second comjjoncm of the double 
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auricular sound Their position suggests that the> might be due to AV 
valve closure It seems to us unlikely that ihej are due directly to con 
traction and tension of the auricular ills but this possibility Ins not 
been excluded 

The problem of auricuhr sounds needs further study particularly 
ill cases of complete heart block On the basis of evidence available at 
present it is clear that at least two and probably thiec dilTerciU 
mechanisms may produce so-called auricular sounds The eiilitr of ilie 
two auricular sounds which may be heard during ventricular diastolic 
periods m heart block resembles prcs)Stolic gallop soimcls so closely lint 
It like presysiolic gallop is almost certainly caused by die effect of 
auricular contraction on tlie wive of ventricuhr filling The later 

auricular sound which has been observed only in cases of heart block 
may be due to aunculoventncular valve closure Die auricular sound 
noted during ventricular systole cannot be due to cither of tlicsc 
mechanisms The limited observations made suggest lint it is due to the 
effect of auricular contraction in pushing the contracting ventricle 
against the chest wall Tlie question as to wlieihcr auricular contraction 
and tension of its walls produces sound which can be heaid by the 
stethoscope reniaim open 

The accompanying table (Chart I) points out cliaracierisiics tending 
to differentiate iliesc extra or additional sounds 
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FORM OF THE ELECTROCARDIOGRAM 

By Frank \ Wilson M D 

Introduction Tins chapter is tfe\oii.d to a consider laoii of the sig 
nificance of the foini of the clectiocardiognin Iinsnmch is the cardne 
irrcgulanties aie discussed clseuheic in tins volume no reference is made 
here to alterations m tlie coniom of the electiocardngraphic delkctions 
IN Inch depend upon cinnges m the sue or mechanism of impulse fomu 
tion or the like or upon excessive acceleration of the heart nte such is 
occuis in luncuhr fluitei and paro\>snnl tach^cirdu In discussing the 
ventricular complex ic is xssumed tliioughout that iJie ventrulcs tic 
responding to stimuli of suprivcntricular oiigin 

I NORMAL ELECTROCARDIOGRAM 
In tiking chnicil electrocirdiogiams it is ilie umveisal custom to 
employ the three standard leads originally adopted b) Limhmen In 
Lead I the galvanoiiicler terminils aic attached to the rioht aim ami 
left arm in Lead II to the right arm and left leg in Lead III to the 
left arm and left leg In each case the connections are made in sucli a way 
that relative negaiivity of the fust named extremity will jiroduce an 
upvNard dcnection in the completed lecord The scnsiuviiv of tin 
galvanometer is so adjusted that a difference m poienual of one millivolt 
IS lepresenled in the record by a deflection of one centimeter 

A typical example of the curves obtained from normal sub)ccts 
IS shown in Fig i Althougli all of the leads depict die same senes of 
events they diffci considerably m detail In each lead the heartbeat 
is rcpiesenied by a gioup of sniinmts and depressions is miny as 6 dis- 
tinct dcflcriions P Q R S, r and U may oi cur In noitinl rurves the 
suumiKs P R nul F ire iInn lys present bnlcilheiui hoih of die depics 
sions Q and S may be absent and conspicuous U dclltcuons aie rarely 

(jjj) 
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seen. The first deflection, P. is assocuted ^viih auricular sjsiole and is 
often referred to as tlie auricular complex; Q, R, S, and T are ascribed 
to \entr£cular e\ents and constitute tlie ventricular complex; U occurs 
in early diastole and is of unUioun origin. 

No entirely satisfactory statistical study of the sariations in size nor- 
mally displayed by the different electrocardiographic deflections has as 
yet been made. 



ficuxE I No lOKKI .Nomal ciecirocinliosrain Ttic elTccc of inircxlucing a poecnoat 
dillcrcnce of one miUuoU into ilic aicuit coiiuinmg ihc patient .ind Uic gahaitomctcr 
IS slioun at the left end of Lead HE In ibis nine and m those tiliicli follow a potential 
difference of one nnlliroU is reprcscnicd b) a deflection of one ccnumcicr Tlic scrual 
Lncs nhjcl] cross the record mark iniersils of 001 and 0^ iccoiid. No 6IC9 A normal 
electrocnrdiograin showing a promioent U diflectioru (Cjclopcdia of ^[edlanc. F. 
Datis Co) 

The data pieseiiicd in Table I are taken from a study by WIson 
and Nyboeri based upon nieasuremeiUs of the electrocardiograms of loj 
bealtliy young men, most of tihom tvcrc bettveen 20 and 30 years of age. 
This table gises the mean, die standard detiation and the skeuuess of 
each of the frequency distributions obtained by measuring (a) die 
soilage of the P, Q, R, S, and T deflections and of R plus S in eacli of 
the standard limb leads; and (6) die axis desiation index obtained by 
die formula (Rj — S2) — (R3 — S3) in ivhicli Rj is the voltage of R in 
Lead I and the oilier symbols Jiaie a similar significance. Tliese stadsdcal 
constants when used in connection with suitable fables make it |)ossiblc 



FORM OF THE ELECTROCARDIOGRAM 557 

to predict ho^v frequently each of these deflections ^vill reach or exceed 
a given voltage in the electrocardiograms of normal subjects. The last 
four columns of the table give tlic values of each variate which, it is 
predicted, will not be exceeded more often tlian once in a hundred, once 
in a thousand, once in ten tliousaiid, and once in a hundred thousand 
observations, respectively. These predictions refer, of course, to curves 
of the hind upon which the original study was based, the electrocardio 
grams of normal men in the third decade of life. In addition to the data 
already mentioned the table gives the minimum and maximum observed 
values of each variate. All of the voltages given in the table are expressed 
in millimeters or tenths of a millivolt. 

Certain featuies of Table I require further explanation. The statis- 
tical tables available give no data for frequency distributions with a 
skewness greater than i.i. In four instances the computed value of the 
skewness exceeds this figure; in the case of Qj it is 1.25; in tlie case of 
Ri it is 1.56; in the case of S3 it is 3 37 and in the case of (R-j-S) 1 it 
is 1.35. The first of these large values is appaiently a consequence of 
tlie absence of Qi in 50 of the 104 electrocardiograms of tlie senes studied 
The second is due to the occurrence in one of the electiocardiograms of 
an R], which measured 194 mm. The elimination of this very unusual 
curve leduccd the maximum observed height of Rj to 12.0 mm. and ilie 
skewness of the distribution to 0.73 Another elccirocai di ogram displajed 
a striking degree of left axis deviation with So deflections of 8 mm and S3 
deflections of 13 mm Although careful examination of tlie subject from 
whidi this curve was obtained showed no clear evidence of heart disease, 
it was suspected tliat it was abnormal. When it was dropped from the 
series tlie largest S3 remaining measured only 4 5 mm and the skewness 
for S3 fell to 0.67. In the case of So the maximum amplitude fell to 6 mm 
and die skewness to 0,59. It may be pointed out that relatively few ob- 
servations will give a fairly accurate estimate of die mean, a larger num- 
ber are needed to obtain an equally accurate estimate of the standard 
deviation, v\hich is based upon the sejuares of the deviations of the in- 
dividual vaiiates from die mean; and a far larger number are needed to 
obtain an accurate estimate of the skewness which is based upon die 
cubes of the deviations from the mean. It will be noted that casting out 
the laigest variate in the instances mentioned had a much greater effect 
upon the skewness than upon die odier suxtistical constants. In order to 
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ol)tam cntirel) rtlnble \alues for ilie skcuncss nuny more ouser\ iiions 
ihau ^\crc available would Imt been rc<ii»red 

These considerations explain the donblt entries currespomhn^ to Rj 
S^, and Sj The first entry is based u|X)n the complete scuts the second 
shows the effect of dropjjing the lai^jcst variate The predictions of the 
last four columns were computed from the data given m die statistical 
tables for a skewness of i i in those instances where the estimated value 
of liie skewness exceeded tins figure In tlie case of the axis dcviuion 
index of (R+S) » and of T_ and T j double entries tppeii m the 
last foiii columns only the two (Iguics give two values of the variable 
tlic first grcatci and the sexond less than the mean winch may be ex 
peeled to be equally rare 

It may be mentioned lieic that the suandard deviuion is a medsurc ol 
(he dispersion of vaiiatcs al>oi(t (he mean or in other words of (he 
V inability of the quantity under consideration The skewness is a meis 
lire of tlic asymmetry of the dtstnbmion When tiic skewness in zero van 
ates which arc greater and Uiosc winch arc less than the mean and differ 
from it by a given fraeiion oi multiple of the standard dcvitlion aic 
equally common Under Uicsc circumstances only one per cent of the 
variates exceed the mean by more thm s times tlie stmdard deviation 
and deviations fioni tlic mean of the same magiiiiudc but in the ojiposne 
direction are equally rare 

In cIcc(ioc.irdiognpli) is in oilier fields it is not |x>ssible to tlrau 
a sharp line between the norma! and the abnormal In rcaclung a decision 
as to tlic possible abnorniahty of a given finding wc must depend iqxtii 
a conscious or uneoiiscunis csiimaie of the probability of its occurrence 
in the eleetrocardiogram of i nonnal subject Statistic il tables of the kind 
under eonsideniion ate a far better guule than tiie rather vague and 
change ible impressions that wc gam from cxpcrienec In using such 
a table we must of course decide how uncommon in norma! curves 
a given finding must be before the piobibiliiv that it is abnormal in 
a given instnnec ajjproaches ecrtainty It would seem that a finding 
wlucli may be expected to occur m less Uian one jKr cent of normal 
clcetrocardiograms should be regarded as probably abnormil and one 
that may be expected to occur in less than one tenth of one per cent of 
noninJ clfcliocaiihognuns should be icgardenl is ilinosi teilimly ah 
nunual 
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Since the study outlined was based upon the electrocardiograms 
of )oung men betrvecn ao and 30 years of age the conclusions deri\ed 
from it cannot be applied witlioitt reserve to the electrocardiograms 
of subjects of the opposite sex or to the electrocardiograms of those 
uho fall in an earlier 01 later decade of life than the thiid. \\^e are in 
urgent need of a more comprclrcnsUc statistical study of a large series 
of electrocardiograms obtained from normal subjects of botli sexes and 
of all ages. 

For most purposes P waves measuring 2,5 mm., R waves measuring 
20 mm., and T waves measuring 5 mm , occurring in electrocardiograms 
so smndardizcd that a delicciion of one centimeter represents a potential 
difference of one milhvoU, may be regarded as near tlie upper limits of 
noimalit). It is cusiomaiy to consider electrocardiograms in which the 
hugest deHection in any lead is less than 5 mm. as of abnormally small 
voltage. ^Vhen tlie Q dcllcction in Lead 111 Is more than onefourti) 
ns large as the largest deflection in any lead, its normality is considered 
questionable. 

The nuriculai dcllcction, P, is the gtaph of tlie electrical effects pro* 
dticcd by the sprenti of the excitatory process over the auitcular muscle. 
It is normally a small, rounded or slightly pointed summit in Leads 1 and 
II. It is usually a sumnuc in Lead ill as well; in this lead, however, it may 
be partially or completely inverted. It is occasionally notched near the 
apex. 

The intcn.ll which separates the begnming of P from die onset of 
ilie deflection w Inch follows it, the P-Q or P*R iiiterv al as tiie case may be. 
is a measure of the time which elapses between the beginning of auiicular 
and the beginning of ventricular systole. In normal adults it varies in 
duration from 0.12 to o 20 second. 

The initial veiiuicular delicctions, Q, R, and S are attributed to the 
activation of the ventricular muscle; it has been shown that all of the ven* 
tricular muscle passes into the excited state during the period within 
which these deflections arc in>ciibed.2 The Q-R-S interval, raeasined from 
die beginning of Q to the end of S, docs not normally exceed 0.10 second 
in duration. In many normal electrocardiograms the initial ventricular 
deflections of Lead III are small and bizarre in form, and show conspicu* 
ous notching and splinteiing. In abnonnal electrocardiograms it is often 
impossible to distinguish between Q, R, and S, and it is not desirable to 
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do so c\ccpc for purposes of descnption, because electrical esenis \shicli 
are represented by an upiirol.c in one lead ma) be represented by a 
dounstrokc in another 

In nonnal curtes the final \cmncu!ar deflection, F, is always directed 
upward in Lead 11 and, except m \cr^ me instances, in Lead I It is fre 



iKtKc 2 EIccuocasiliogram of a paiicni HUh li cfi pale mural uctio» i. The 
P »ummics ate ^cry tali anJ hreud m Lead* I and IJ Ihc cane aljo »horn nghl a*j» 
ilmaiiun (C)ilopeU a of Mcil hi c F \ I>a»« Co) 

quciul) m\crtcd in Lead 111 This deflection is ascribed to ihc dtactna 
non of the \cntricuhr muscle m other words to the decline of the ex 
cited state or to a rcscrsal of tin, process which is tc.sj)oti$iblc for ihc initial 
scniricuhr deflections In order to account for the fact that the duration 
of I is much gicaicr than ihc duration of Q R S, it is assiuuctl tint dcac 
Illation tales place much more slowly ilian aciiiation 
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II ABNORMALITIES OF THE AURICULAR COMPLEX 
The form of the auricular complex may be titered by t clnn^e in the 
site of impulse foniiatioii by a cliangc in tlie course of Uie cvcitation 
process over the auricular muscle by a chinge in llie mass or distribution 
of the auricular muscle or by i change in the position of the heart The 
deviations from the norma! apart from those associated with the caidiac 
arrhythmias are only occasionally of diagnostic impoi lance In tdvinccd 
mitral stenosis ilic P deflections are often very large (Fig •») and broad 
and show pronounced notching or otlicr pcculiariUes of form W hue and 
Burwcll 3 liave called attention to the fact that laigc aiiiiciilar dcllcctions 
are common in congenital heart disease In sinus tachycardia the P dcflcc 
tions may be unusually tall but ilieir breadth is not conspicuously m 
creased nor are they altered in other respects Inversion of P in Lead III 
may occur m normal individuals inversion in Leads II and III (Fig 3) is 
almost always associated with some shortening of Uic P R interval and is 
due to atrioventricular rhythm in which the atrioventricular node has 
taken over the function of cardiac jjacemakcr In situs inversus viscerum 
all of ilic deflections of Lead I are inverted "When the heart is in die 
normal position inversion of P in Lead 1 is rare and 1$ ]>iobably always 
due to myocardial changes which interfere with ilic spiead of die impulse 
over die auricular muscle 

III THE P R INTERVAL 

^\uh very rare exceptions of which ilie cause is unknown abnoimally 
short P R intervals are always associated with inversion of die P waves in 
Leads II and III and are due as noted above to atrioventricular ihyihin 

\VIien the P R interval exceeds o *»o second (Fig j) there is a defect 
in conduction between die auncular border of the atnoventncafir node 
and the bifurcation of the His-bundic die defect may be temporary or 
permanent Such a disturbance may occur m almost any form of licait 
disease As a temporary phenomenon it is particularly common during 
tilt course of rheumatic infections it occurs less often in other acute 
infectious diseases abnormally long P R interval may be produced 
in normal indiv iduals by the administraliou of adequate doses of digitalis 
(Fig 1 1) V permanent increase in tlic P R interval is common m rheu 
matir luctic and arteriosclerotic heart disease It is raie m thyrotoxic 
heart disease A long 2’ R interia} is often issocnicd niih presysi ilic 
gallop rhythm 
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IV. THE Q-R-S INTERVAL 

It has been pointed out that all of the tcntiicular muscle passes into 
the excited state during^ the inscription of the iniiiai deHections of the 
sentricular complex. The length of Uic Q-R-S interval ma), therefore, 
be regarded as a measure of the elBciency of the intraventricular conduct- 
ing system; an increase in this interval beyond tiie upper nonnal limit 
of o.io second must be ascribed to a defect in conduction below the 



Ftccsr 3 tnicniori of the P dcSecUon in Leads Jl am! Ill nith Uight shortening of (he 
P R. iinctsal .Mnoscntriculsr ThyUim (C^doiK-Uta of vtulinni;. P A U3\is Co) 

b'ifiircsiion of the His-hundlc. It ts obiious that at points nhcrc the path 
of the excitation wave is narrow, it may be obstructed by a small area 
of impaired conductivity; where die path is v\idc, it is much less easily 
blocked. For diis reason a small lesion wliicli involves one of the main 
brandies of the His bundle may produce a conspicuous increase in the 
Q-R-S interval and a profound change in the form of die vcniricnlar com 
plex, while lesions which involve die Purkinje network must be extensive 
if they are to giv c rise to alterations of a similar grade. Toxic influences, 
unlike discielc structural lesions, may depress the conductivity of the 
veiitiicular conducting system as a whole. There is at die present lime 
no evidence iJjai lesions wliicli involve only die ordinary ventricular nms- 
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cle can give rise to a measurable increase in the duration of die initial 
deflections. Ventricular hypertrophy, by increasing die thickness of the 
ventricular n-alls, and, dierefore, die length of the path tliroiigh ordinary 
ventricular muscle which die cxdiaiion process must pursue, undoubtedly 
increases the lengdi of die Q-R-S interval; but die evidence bearing upon 
diis problem seems to indicate that an increase in this interval beyond 
0.1 o second is seldom due to this causc.-t 



Fict-ne 4 ElccirocarJiograui of a patient niih an acute inrecuon, pouibly at>pi(al 
thcumauc feter. The P R intcnal li l^rcatl)' mocasetJ in length and measiim appioxi* 
inaiely 0J2 sccomL (Cydopedia of Medicine. F A Dati* Co) 

Since die electrical axis may be perpendicular to one of the three leads 
eidier at die beginning or at the end of the Q-R-S interval, the length 
of this interval may not be die same for all leads. \Vhcn diis is the case, 
die longest interval, or die mean of die two longest intervals, should be 
taken as die true value. 

The broad term tnlraventr$cular block is applied to all those condi- 
tions in which die QR-S interval is definitely greater than o.io second. 
According lo die location of the conduction defect, uJien tJiis can be 
ascertained, several v.iriciies of intraventricular block may be distin- 
guished. When the conduction defect completely interrupts the pass.igc 
of die cardiac impulse through one of the two main brandies of His bun- 
dle, the Q-R-S interval ordinarily measures o 12 second or more and die 
form of die ventricular deflecdons is usually sufliciendy disiincdvc to 
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permit a diagnosis of complete bundle btanch block, right or left as the 
case may be, to be made with confidence. Incomplete bundle blanch 
block, due to conduction delects tvliicli merely retard the p.i5sagc of the 
impulse through one of the mam bundle branches, gi\es rise to electro- 
cardiograms s\hich are of less distinctue character and .ire transitional, 
both as regards the length of the QRS interval and tlie form of the 
ventricular deflections, between those which represent complete bundle 
branch block and electrocardiograms of normal oiuUne.5 



Ficlre 5 FlKUucanliografni of i*“> paufiio uJio j»*l morion, oilorsne 

loom imoUiiig die endoaidiuia and subcndociidial itutics on ihc left ude of Ihe 
\cnincular kcptuni Tlic ventricular dcflccuont are of reUii\c)> small amplitude and die 
QRS iiitcnal » mcrets^ Tlioe cases (paninilaify .So 1782) tiefong to ihc group 
dauibcd by Op|icntiomer and Rothschild as examples of aibonrauon blocl., ImUi from 
Ihc electrocardiographic and the pathologic standpoint. (Cyclopedia o( Mcdiuiie I i\. 
UaMS Co} 

The term arbortzalion blocks is often applied to cases m which extcti 
sive involvement of the subendocardial tissues of the ventricular septum, 
pariicuWrl) on the left side, is suspected, but the criteria U|)on which 
this diagnosis should lest are less wcH-defined than in the c.isc of bundle 
branch block and are not gcncmll) agrcetl U|)on. The writer believes 
that most of the cases which are classificti as atborizaiion block arc ically 
examples of bundle branch block, complete or incomplete, In which the 
electrocardiogram is somewhat atypical because of the presence of iiura* 
ventricular defects in conduction other ilnn those affecting die bundle 
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branch imolved, of peculiarmes in die posiuon of the heart, of prt 
ponderant enlargement of the one or the odier \entricle, of mjocirdial 
infarcuon, of cardiac failure or of some combination of these 

In many cases of intra\enuicular block, present knouledge does not 
enable die clinician to determine uhat poruon of the imraientricular 
conducting sjstem is in\oived 

Imra\entricular block may be transient or permanent even nhen 
it IS transient, there is often reason to suspect die presence of an undei 
I)ing, more permanent change in die ventricuhr muscle In comparison 
uidi atrioventricular block it is seldom produced bj drugs Quimdnie 
because of its depressing effect upon the iniriventncnlar conducung 
system often increases slight!) the length of the QRS interval, when 
given m laigc doses iii cases in which die heart rale is greatly accelerated 
It nu) produce profound dianges Insunces in which intraventricular 
block can be ascribed to the administration of large doses of digitalis 
are rare A few cases of intraventricular block associated with a ver) 
short P R interval and with attacks of paro\)smal nch)cardia in wlncli 
the block could be tem|X)ranI> abolished by die administration of atro* 
pine, have been described • Some of Uiese patients have shown no odier 
evidence of heart disease but the wTitcr has seen an instance of dus kind 
111 which extensive fibrosis of the m)ocardmm was found post mortem 

High grade intravemricular block frequent]) occurs m associauon 
with the severe ni)ocardtal changes which sometimes follov^ diphdiena 
Lesser grades may occur during the course of rheumatic infections In 
iravenincular block is occasionally seen in congenital heart disease, par 
ticularl) when the ventricular septum is incomplete It is not uncommon 
vvv mvua\ st«w»vs It vs seew most often, Uov.e\er, vn Uvctvc and vn atteno* 
sclerotic heart disease especiall) in Uiose cases in which there is involve 
ment of the coronary arteries It is frequent and usually of serious import 
in coronary dirombosis It sometimes ocairs in uremia here it may be 
due to die depressing effect of the toxemia upon the conductivity of 
die special tissues 

The recognition of intraventricular block is of clinical inqxirunce 
chieliy because it enables one to say that the myocardium lias been at 
Lacked by some disease process die nature of this disease process cannot 
be determined from die form of die veniricular complex it must be 
judged from all of die clinical data available Insofar as it adds in tins 
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uay lo information regaiding the patient, the presence of intraveiiincular 
block may help in making a more accurate diagnosis and progtiosis; no 
final conclusion should be based upon the electrocardiogram alone. 


V. THE Q-T INTERVAL 

The duration of eleciiical systole, measured from tJte beginning of 
Q-R-S to the end of T, varies avith the heart rate. Various formulae 
which express this relation have been devised. Bazett’s fonnula, (Q-T) 
interval = K y (R-R) inteival, where K is a constant, has been widely 
used. According to Cheer and Li,S the average value of K for noimal 
males is 0.374 (standard deviation, o 0129) » for normal females it is 
0.388 (standard deviation, ooiCG). Up to the piesent time, the length 
of the Q'T interval lias not proved to be of much diagnostic importance 
Striking piolongation of tins interval witliout a corresponding increase 
in the duration of mechanical systole occnis when the blood calcium 
falls to a very low level in hypoparathyroidism 01 in nephritis Prolonga- 
tion of this inteival has also been observed in bundle branch block, in 
complete A-V heart block, in coronaiy occlusion accompanied by very 
large inverted T deflections, and in cardiac failure. Chcei and DieuaideO 
obseived a decrease in ilie Q-T interval after the administiation of 
digitalis, 

VI. EINTHOVEN’S LAW AND TRIANGLE 


Many years ago Einllioveui<> pointed out that tlie three standard 
leads are so 1 elated to each othci (hat at any instant the sum of the dc 
flections in Lead I (cj) and in Lead III (e^) must equal the deflection 
in Lead 31 He cxpiesscd tliis relation in the form of a simple 


equation: 


Cj + Cs = C2 


which has been refened to as Eiuthoven’s laio. Because ihe significance 
of tins equation has frequently been iinsundei stood, it seems desirable 
to call attention to the considerations upon which it is based. 

In taking a standard electrocardiogram, the galvanometer is so ad- 
justed dial with the patient in the stung circuit a difference of potential 
of one millivolt produces a deflection of one cemimctcr. Consequently, 
die insiimncnt measures the magnitude of die |>otcmial diffticmc 
between the tvvo cxUeinhies to which it is attached. If liic ooicnuil of 
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the right arm at any instant is represented by Vn, that of die left arm 
by Vi, and diat of die left leg by Vr, then clearly: 

ei=Vi.-Vn 
e2 = Vp— Va 

and 

Cl C3 = Vj, Vji-i* Vp — Vi, = Vj. — Vii = Cn 

which is Emthoven's law. 

It is true that the attachment of die gahanometer, of which die 
resistance is not infinite, alters the potential difference between the 
points to which its terminals are atuched, but this docs not intahdaic 
the law, for, as Einthoientt pointed out, the method of standardization 
IS such that the small decrease in die potential difference between two 
cxtrenmics winch results from connecting them to the gahanometer 
lenninals has no effect u|>on the record. The electrocardiogram is a 
record of the potential difference that would ha\c been present had the 
galvanometer not been attached. Emthoven’s lau' is, therefore, ncccs 
sanly true, it serves merely as a check upon the accuracy of the records. 
Any diree points may be substituted for the right arm, left arm, and left 
foot without interfering with the application of this equation. 

It may be pointed out diat Emthoven's law does not state that the 
amplitude in Lead II of a deilection designated by a given letter must 
equal die sum of tlie amplitudes of the deflections dc-signaicd by the same 
letter in Leads 1 and III. 

In many normal and in most abnormal elcctrocaidiograms a given 
ddlection does not reach its maximum amplitude in all three leads at die 
same instant, the peaks arc not m phase, and simultaneous points cannot 
be identified unless equipment for taking two leads at the same time is 
available For such points rimhovcn’s equation must hold if the curves 
have been properly taken 

In 1913 Eiiuhovcn, Fahr and deWaartlS published a method by 
means of which it is possible to determine tlie “manifest” value and 
direction of the resultant cicctromouvc force produced by the heart at 
any instant. This method is based upon the laus which govern the dis- 
tribution of eJecinc ciirrenis within nonlinear conductors. Since the 
two legs are at all times at nearly tlie same potcnilal, iliq tlircc extrcini 
ties from which the standard leads arc made may be represented by 
the apices of an equilateral triangle (I'lg. 6) . At the center of this tri- 
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angle lies die heart (It). It is assumed diat the triangle is comjX)scd 
of material s\hich is homogeneous s>iih respect to its electrical proj>criics. 
The direction of the resultant clcctromotuc foicc produced by the heart 
at any instant, the so-called instantaneous electrical axis, is leprescntcd 
b) an arrow tdiich points from the ncgatisc louard the ix>siti\e i>olc. 
it is assumed djat tJjc disunce beiuecj) ihtsc {>oles uhicli lie uidim liic 
heart, repicsenicd by the point (H) , is scry small in comparison with 
the distance of the apices of the ttianglc from lU center. The "niamfcst" 
magnitude (E) of this eleciiomotuc force is rcprcseiued by an arbitrary 
segment (P Q) of the shaft of the arrow Under these cluumstanccs, the 
difference in |X)tenliaI between any two apices of the triangle must be 
represented by the projection of P Q ii|Km the hue i\hich joins them. 
In Fig. 2 , therefore 

Ci = Pi Q, = E cos 3 
Cj s= Pa Qa = E cos (a — CO) 

Ca =Ps Q 3 = E cos (120— a) 

It uiJ] be noted that C| + hi other nords, iJiese cquanons aie 

consistent ssiih Eindioscn's law. This law is not, hoivcscr, derised from 
them. 


It is apjKircnt that if the dcflccuons in die three leads at any tmtant, 
Cj, Co, c-j, arc knouJi, (he lahic of the .angle a and of E may be deter* 
mined by means of the relations 


c« a-c-i 

tan 3 = /T-fr- 1 

V3(Ca — Cj) 

E = C| see o 

by geometrical construction, or by making use of suitable tables wlitcli 


base been prepaxed for the purpose. 


M Eintho\cni> clearly jxxintcd out, the .apjihaiiion of this method 
to the analysis oE the electrocardiogram iiuoKcs certain assumptions; 
I. e , that the ussucs of the body arc homogeneous with respect to their 


electrical conducdiity; that (he iJirtc extremities used, or radicr die 
.iit.ichmeiits of tJicsc cxtrcniitics to the trunk, aic equidistant from all 


lj.uts of the heart which piodiicc clcciromotisc fuitcs, and ilui they arc 
situated at the apices of an ccpu'latcial triangle. OInioiisly, these assump- 
tions arc not strictly in accoid with the f.icts. but die cnois which they 
imrodiicc arc ap|>arcmly iix) small to imalicLuc die method for practical 


purjMJScs. 
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It should be noted that ta tins inediod the ‘manifest’ clcciromoinc 
force IS treated as a \cctor An eIcctromoii\ e force uithin a ilirce diincn 
sioinl conductor can be so treated in tins special case and in no odici 
Enuhoiens law holds for any triangle whatsocicr, but the method of 
determining the elcctric.iI axis here dcsciibcd holds only in case ilit 
leads employed form the sides of an equilateral triangle, uith the heart 
at Its center It may be pointctl out also that cltctromolivc foiccs uhich 
nc pcipendicular to the plane of the ihicc leads produce no eifcci upon 



a t= e co»Ca-60) 

«;= EcosfJ20-flf) 

iKtRE 6 (\{ur EinihuMd Ijlir and dvUasrt) lUioMits t.¥)iiihtcrat iifan;;lc. 

I he (lenet,! till* in (he ihrec Maiulaid lead* arc u|>rCMiiud by r| c-, and iCNpcttnrh 
I lie mam tot ) otcnlial diftcm te » rc]>rc»cmcd by E. (C)duj>cdi4 of Med cn c 1 \ 

U i\ 1 Co ) 

them Flfects winch do not he m this plane ha\c an effect proportional 
to the cosine of the angle adiirh they make with it 

rius method of analysis has prosed to lie of greit aaluc in the solu 
non of mans tlcciiocardiograpluc problems Ily deicrnninug », winch 
defines the jiositum of the electrical axis, md !• the manifest jroiciuial 
chflercnce at the insuam when R w is inscribed m noniial subjects at 
the end of deep inspiiauoii ami ilsu it the end of txpiruion huuho^cn 
ind Ins rollahoi uois showed iliit ilie ihaiigcs ui ihe amplitude of tins 
tlellcction prcxluecd by ilie respiratory movements arc due to loutiou 
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of the heirt about a dorsovcnlial axis The associated changes in P and 
T alihoUgii due in the nniii to the sinie cause uere found to result 
in part from lluctuaiions in \igal tone foi tliese uaves unlike R showed 
a change in E as well as a 

In the same aiticle it was also shown that wlien the three leads are 
charted on cross section paper one abo\e die other so that simultaneous 
points fall on the same \ertical line it is possible to determine a and E 
at intervals of ooi second oi less diroughout any desired portion of the 
cirdiac cjde 

It has recently been showni"^ Uiat if the assumptions upon v Incli 
Einthovens triangle is based are valid die sum of the potentials at the 
ilnee apices produced by the heartbeat at a given instant must be 
eqital to zero i e 

' I + Vp — 0 

It follows that if a central terminal is connected thiough large and 
equal nomnductivc resistors to electrodes placed upon the right arm 
left aim and left leg the potential of tins terminal will not be affected 
by die heartbeat and may be regarded as zero ihiou„hoiit die caidiac 
cycle By connecting one of the electrocardiographic lead wires to this 
mdiffcreut point and the other to an exploring electrode a unipolar leid 
IS obLamed The curve so lecoided represents the potential variations 
produced by the lieartbeat over that small poiuon of the body surface 
wida which the exploring electrode is m contact Since it is conventional 
to plot positive values of the variable above and negative values below 
the tune axis the galvanometei connections should be made in sudi 
a way that the trace lies above the base line when tlie exploring electrode 
IS electrically positive and below the base line when this electrode is 
electrically neg'itive widi lespect to the indifferent terminal 

The deflection m Lead I at a given instant (E cos a) gives the hon 
zorital component of die vector which represents tJie instantaneous elec 
incal axis of the heart It may be easily shov n that die simultaneous 
deflection in a lead from the left leg to the indifferent central teiminal 
represents the vertical component of this vector divided by the square 
root of three By placing Lead I (amplified ooo times) on the hon 
zontal plates and this leg terminal lead (amplified 25 000V3 times) 
on the vertical plates of a cathode ray oscillograph a trace is obtained 
winch gives the position and magnitude of this vector at every instant 
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throughout the cardiac c>cle n Some jcars ago traces of this kind ucre 
computed bj Maim.in who referred to them as monocardiograms The 
imter prefers to call diem vectorcardiograms A normal vcctorcirdio- 
gram is reproduced in Fig 7 . 



FirLK£ 7 VcctorcarJiognm a nonnal subject taken by the niciliod <]csaib«l >n 
the text. The large loop oorresponds to the QR & S^’'P the inialt inside loop ainC' 
tpondi to the T xasc The standard Itrob leads are rrprcxJuccd hclou' the truiigle and 
arc also sIiohii at the sides of the triangle in thetr projicr oiientaiiou 

If the standard three lead electrocardiogram is grcitly enlarged, die 
areas subtended b> the virums deflections may lie nunsured by mean* 
of an accurate plantmttcr and tiny dicn be expressed m standard iimts 
(microvolt sccondsi b) Emthoveii s law and the prmriplcs of Einihovcn s 
mangle apply to areas inscribed during a given iiiitrval in the same 
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that they apply to deflection amplitudes at a given instant the area 
o£ a deflecuon is merely its a\erage amplitude multiplied by its durauon 
Consequently the area o£ any deflection or group of deflections in Lead 
II must be equal to the sura of the areas of the deflecUons in Leads I 
and III uritten during the same interval If areas are substituted for 
deflection amplitudes in tlie determination of Emthovens vector this 
vector will lepresent the mean electrical axis during the chosen interval 
The instantaneous electrical axis at a given instant in die Q R S period 
gives the general direction m v\hich the cardiac impulse passed over 


JTb Ma Ml Mf Mr 



FicuRe S File prccuril al leadi oUa etl by ) air ng an electrode placed at li e outer 
Iwrder of the cardiac apex of a normal subject with an electrode on the back (IVb) 
the r gt ( arm (IV k) the left arm (IVt) at d the left leg (IV f) and v di a ceniril 
terminal (IVj) of the kind desatbed m ll e text 

those portions of die ventricular muscle which were at diat moment 
undergbing activation The mean electncil axis of Q R S based on die 
areas of all the deflections inscribed during die Q R S period on the 
other hand gives the avenge direction in which the cardne impulse 
passed over the ventricular muscle as a whole ic If the development 
and decline of the excitatory process were die same in all parts of the 
ventricular muscle so that the duration of systole were everywhere uni 
form die different parts of die ventricular mnscle uould pass tJirough the 
activation and the deactivation process m the same order and the area 
of Q R S and the area of T in the same lead must be equal in magnitude 
but opposite in sign The suni of these areas the area of Q R S T would 
then be zero in all leads The area of Q R S T in a giv en lead may 
dierefore be considered a measure of die mean potcniiil difference 
produced in that lead by variations iii die lengdi of systole in the differ 
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an units of leimictihr muscle vnriauons brought about by loctl causes 
Tile area of Q R-S T in a gneil lead is equal to the area of the T dclitc 
tion winch would have been inscribed in tliat lead if all die vcillnciilar 
muscle had passed into the active state at the same instant ot if the area 
of QRS were zero The mean elcctricil axis of T gives die diieclioii 
ami magnitude of the efectneaf forces produced by ventricular ilcactlva 
non and the mean electrical axis of Q R. S T the iiiagintude and direc 
non of the electrical forces piodticed h) local variauons lit the evcitatoiq 
piocess The mean electrical axis of Q R S T may he referred to as die 
ve/i/ricular gtadienl 

VII PRECORDIAL AND ESOPHAGEAL LEADS 
During the past few yeais electrocardiograplnc leads in uhich i small 
exploring electrode placed upon ihc precordiumlT is pured with an 
electrode placed upon the back or upon one of the extremities have come 
into vsidesprcid use Leads of tins kind arc very dilferent from the stand 
ard extremity leads Because the exploring electrode is very close to the 
heart in comparison uitli its fellow die potential variations of the tuo 
electrodes differ so greatly in magnitude that an esscntnlly unipolar 
curve representing the potential variations of die exploring elecitode 
with reference to an indifferent |>oint is obtained The relatively small 
potential variations of the distant elecnode may be further reduced if 
not eliminated by substituting for Uas electrode a central terminal 
connected to die three extremity electrodes employed in taking stand ird 
electrocardiograms dirougti nonindiictiae resistors of 5000 ohms eacli i" 
Precordial leads of the kind in question arc in effect scmuhrcct leads 
from the antenor vciiiricular surface It has been shown that the ven 
tricular deflections in such leads are similar in general outline to those 
iliat might be obtained by pi icing the exploring electrode in coniict 
with the underlying portion of die vciuncular surface 

Widiin the last year a committee appointed by the Amcricm Heart 
/Association has established standard meiliods for the taking of precordial 
leads IS When a single precordial lead is taken die precoidial dec 
irode sliould be placed at the outer border of the cirdiac apex Tins 
electrode may be paired with an electrode on die nglit ami (Lead IV^) 
ujlb an cJecirode on die left arm {Lead IVi.) with an elecirotlc on 
the left leg (Lead IV,) witii an electrode on the left intcrscapular 
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region (Lead IVb) , or with a central terminal connected tlirough equal 
resistances of 5000 or more ohms to electrodes on each of the three 
extremiUes mentioned (Lead IVi) For all ordinary purposes Lead 
IVr or Lead IVp should be used and tlie latter should be given die 
preference until it has been established dial die former yields results 
of equal value It may be noted that there are certain relauons between 
these leads and die standard limb leads These relations may be ex 
pressed by the following equations 

Lead IVB = Lead IV^ + Lead II 
Lead IVr. = Lead IVp Lead III 
Lead IVT = Lead lVp+ ^ (Lead II -f Lead III) 

These equations are analagous to Eiiitboveiis equauon wlucli stales dnt 
Lead II^Leid I + Lead III 

When multiple precordial leads are employed die piecordial electrode 
should be paired with an electrode on the left leg or with i central 
terminal of the Lmd previously mentioned In the first case die letteis 
CF followed by a subscript, and in die second case the letter V followed 
by a subscript should be employed to designate such leads The subscript 
used should indicate die position of the precordial electrode according 
to die following plan subscript i when this electrode is at die right 
margin of the sternum, subscript 2 when it is at the left margin of the 
sternum, subscript 3 when it is midway between the left sternal margin 
and die left mid clavicular hue, subscript 4 when it is in die left mid 
clavicular line subscript 5 wlien it is in die left anterior axillary line 
and subscript G when it is in die left mid axillary line Wheu these 
letters and subscripts are employed it is understood that in the case of 
the sternal leads die precordial electrode has been placed at the level 
of the fourth int^costal space and tint in die case of the odier leads 
It has been placed on a line drawn from the left sternal margin m die 
fourdi intercostal space to the outer border of the apex beat and con 
iinued around the left side of the chest at the level of the apex 

In taking all precordial leads the galvanometer connections should 
be made in such a way that relative postivity of die precordial electrode 
IS represented m the finished record by a deflection winch lies above 
the isopotential level In the past, many observers have made these 
connections m die opposite way, but it is hoped that tins practice will 
now be abandoned 

39 
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It lias been reconmientlcd fmtlicr (i) iliai ilic greatest diameter ol 
tile prctordial electrode be 3 cm. or less. (2) that die deilcctious of pre- 
cordial leads be designated P, Q, R, S and T and Uiat in the applicauoii 
of diese s)inboIs die same conxenuons be emplojed as 111 die case of the 
standard limb leads; and (3) that in taking precordial leads the elcctro- 
tardiagraph be so adjusted dial a deflccdon of one centimeter in the 
finished record corresponds to a potential difference of one nuUnoli 
The precordial electrocardiograms of a normal subject taken and 
labelled according to diese recommendations are reproduced in Figs 


W tA Uj lA Ur Ur. 



Tuiue 9 Ntuldpic precordisl lead* laLcn aaordms lu the standard uicihmL Thee 
elcctrocardjogninu and (hose shonn in (ig 3 were obiaihcil trorn the same nonnal 
subject. 


8, 9 and 10 The first of these figures shows the curses obtained b> 
pairing an electrode at the cardiac apex widi an clcctiode on die back, 
the right arm. the left arm, or die left leg, or with a central terminal 
connected dirough resistances to eadi of the dirce e\tremiiies inendoncd^ 
Fig 9 shows die curses obtained by muUiple precoidial leads of the kind 
in which the precordial electrode is jjaired with a central terminal. Fig. 
10 shows the same multiple precordial leads mken simultaneously with 
Lead I This figure gives die time of die intrinsic dencciion of each 
precordial lead with reference to the first QR-S dcllcciion of Lead I It 
will be seen diat the intrinsic deflection (dnef downsiroke of QRS) 
is liter in the leads from the left side of die prccorduim dian m the 
leads from the right side. 

For the puipose of studying die time intervals of the clecticxaidiogram, 
precordial leads have no advantages over standard electrocardiograms 
Tlieir value lies in the information that imy he gleaned from tlic form 
of die ventricular complex. In die absence of myocardial infarction of 
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the anterior ventricular will tlic QRS complex usually displays an 
abrupt dcnvnw ard ino\ ement which corresponds to tlie intrinsic deflection 
of direct leads and signals the arrival of the caidiac impulse at tlie epi 
cardial surface of that portion of the anteiior ventricular wall which lies 
beneath the exploring electrode Tins plus minus or intrinsic shift is 
preceded by an upwaid dcReciion of variable size due to electrical forces 
produced by the outward spreid of the excitatory process through the 
underlying portion of tlie ventncuhr wall This preiiurinsic upward 
deflection may or may not be picceded by an initial downward deflection 
The intrinsic shift usually canies the trace across the isoelectric level 
and thus produces a postimmisic dowiiwaid deflccuon but this last 
deflection may be absent 

When the different deflections arc dcsioiiaied by letters the initiil 
downward deflection is called Q and tlic premtnnsic iipuaid deflection 
R When the intrinsic shift carries tlic iraec across the base line the post 
intrinsic downward deflection thus produced is called 5 In (he Gase of 
normal subjects leads from the right side of tlie piecordium (Leads 
and V2) show a relatively small preiiurinsic upward deflection (R) and 
an early intrinsic shift which crosses the base line and produces a large 
postiimiiisic downward deflection (S) (Fig lo) Leads from the left 
side of the precordium (Leads \4 and \j) display a large premtnnsic 
upward deflection (R) often preceded by a small mitial downward dcflcc 
tion (Q) Tlic inirinsic shift occurs relatively late in the Q RS interval 
and the postintritisic dowiiwaid dciiccuon (S) is usually small and may 
be absent In all leads in wliieli tlie exploring eicctiodc is at the left 
sternal margin or farther to (he left T is normally an upwaid deflection 
in curves from adult subjects In children it is apparently someiimes a 
downward deflection The ventricular defletiions of prccordial IgicIs arc 
on the average about twice as large as those of the standard limb leads 

In esophageal leads (Liebcrson and Libcrsoni » and Brown'^o) a 
small flexible electrode enclosed in a rubber tube winch insulates u 
except at the up is introduced into the csopingus This electroile is 
paired with an indifferent electrode or teniiiinl as m the case of pre- 
cordial leads If the tip of the esophageal elecliode is placed 111 that jiart 
of the esophagus wfucfi is in close jiroxiinily to the w ill of tlie left auricle 
very large auricular deflections showing an abrupt downward shift ulnch 
corresponds to the intiinsic deflection of direct leads from the auricular 
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muscle arc oblained (Fig. u) . The onset of tliis shift signals the arrival 
of the cardiac impulse in that pan of tlic auricular uall ^shich lies nearest 
the esophageal electrode. Esophageal leads promise to be \ery helpful 
in those instances in uhich the standard leads do not giNC adequate infor- 
mation regarding auricular activity. They also piomisc to be useful in a 
study of Uie vcnincular conijilcx. /U jet, tlic> have not been widely used 

VIII. DEXTROCARDIOGRAM AND LEVOCARDIOGRAM 
The form of the ventricular complex is determined by the course 
of the excitation wave over the ventricular muscle In the normal heart 



(icLftE 11 , Lead 1 (alMACl and an eopliagcal lead (bcluvt) in a case of partial 
heart block. In the c^oplu^tcal lead the auricular dcflcttious (P) are vc-i) iar^ and dn 
pla) a conapuuuut intrinsic deflection represented b> a ihaq> downuroke The eso 
phaseal electrode seas attadicd to the tc(i hand lead uire, llie right hatnl lead nirc Has 
attached to an indilTcrcnt central terminal (see text) The esophageal electrode Has 
■10 on from the iceih. 'Hie csopbagal lead Has taken uitli the galsanomcter at one half 
the normal scnsiiisity (N/2) (C)dopedia of Medicine. F \ Dans Co) 

the stimulus descends froui auricles to ventricles b> way of die His bundle 
and its two branches, right and left. Each ventricle is furnished with 
its own disiribuiing sysiem, a subendocardial Piirlvinje plexus formed by 
die terminal subdivisions of the homolaicml bundle branch. Lewis and 
Rothschilds showed that the excitatory piocess spreads through Uus 
Purkinje network with a speed approximately ten times as gieat as diat 
widi which it is inmsmiUed by oidinary ventricular muscle, and that, 
consequently, the ventricular walls arc activated from within outward in 
a direction nearly perpendicular to the endocardial surface 

They demonstrated also that when one branch of die His bundle is 
cut, the course of the stimulus oxer die contralateral ventricle is in no 
way altered, but is normal in every respect, Iii order to reach die dis- 
tributing system of the homolateral ventricle, however, the sdmulus must 
traverse die ordinary muscle of the ventricular septum. The activation 
of this chamber is, therefore, greatly delayed; it does not begin until 
the activation of die opposite ventricle is nearly complete, and, in addi- 
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tion It IS abnormal nith respect lo the order m ^vliich die various muscle 
units pass into the excited slate 

In view of these facts it is clear tliat die deflections which are wiuen 
during the Inst part of the Q RS iiitcn d in bundle branch block must 
be attributed to the normal activation of the contralateral ventricle 
In right blanch block these deflections represent the earlj phases of die 
normd left vcmncidar cicctiucaidiogiam and have been referred to by 
Lewis as die Icvocirdiogram The corrcsjxinding deflections of left 
brmch block were referred to as die dcxtrocardiogram LcwisSi demon 
strated that the imtnl deflections of the noniial ventricular complex are 
produced by the algebraic suiiiinatton of these two curves in dieir proper 
time relations Wilson and ficnmainw conhrmed this conclusion regard 
ing the duaht) of tlic vcntnciilai complex The) found that m the dog 
the complexes obtained by stimulation of die nglit ventricle at a point 
overlying the base of the anterior {lapilhry muscle where the right 
hranch of the Ilishundle gives oIF its larger subdivisions weie often 
piacticall) indistinguishable from the complexes produced m the same 
animal by left branch hlex'k AloChraic summation of dns exti iS)stohc 
dcxtrocaidiogrim and die natuial Icvocardiogram gave a curve wind) 
eloscl) lesembled the iiiiinl deflections of the normal ventricular complex 
In animaU in which die right branch of die His bundle had been cut 
stimulatiun of the nglit ventricle within the region mentioned at such 
a time that die artificial stimulus readied the right Purkmjc plexus at 
the same instant that the naliiral impulse descending from die auricles 
reached the left yielded vciiiricular comjilexcs which differed m no 
respect from tlic normal complexes of die same animal 

IX BUNDLE BRANCH BLOCK 

The last few veils have witnessed a complete reversal of opinion 
with respect to the interpretation of the two duef types of electrocardio- 
grams encountered in human bundle bianch blocks 23 21 Curves of 
the more common type in which the duef deflection of the Q R S group 
IS upward m Lead I md downward in Lead III were formerly held to 
icpiesent right but are now itlribuied to left branch block Curves of 
the less common kind >11 winch die chief deflection of tlie QRS group 
is downu lid III I e-id I ind iipwaid in Letd III ne now isciihcd to 
light instcid of to left hruvdt block The ohscivations winch have led to 
this revolution have been of several kinds (1) Stimulation of the an 
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lenor surface of the human right \entriclc exposed for tlie purpose of 
dmning tlie pericardium, )ields curves in wJiicJi Uie chief QRS dcflcc 
tioii in Lead I is invarnbly upward, while stimuhtion of die anterior 
surface of die left \entncle fields cui\es in winch the chief QRS deflec 
non of Lead 1 is invarnbly downward 21 ^2) Section of the left branch 
of the His bundle of the hunnn heart levivcd after death by perfusion 
of the lieart and lungs in s/tii jields hniicli blocL curves of the more 
common type, section of the right bnnch yields branch block curves 



ri^LRC 12 A Sena] {irccoxxital lewis (atcii wni(ilunco« I; uidt Lead I in a 

ca c ( f r)„iu bundle br in<t> lilucU I he diixnil <i};urct gwe the nme o( il c rlticf do \ii 
Mrokc (mriiwic dctkcuon) wnli tcfcrciuv to the oii«ci of sbe enrhest \cniiicubr diHic 
(ion in Lcid I Ulicic tuo com|>cuoiis doitmiriLcs in. ]>rc*iu)t ihc time of caih is 
iiulicaicil Ihc siirfaLC if tin. ni,tii snuntlc uns aclis Mcd alxmi UOO second laicr ihin 
U c sutfaic of the left IS SernI prccuidial leads in a case of left hiindlc branch 1 1 xk 
The surface of the right tentnUe was acmated almui 007 sea nd earlier than the surface 
of the left The lime inicrsals are fifths of a second In (I c ease of the prccordial leads 
the ordinaic scale is 2 inv per an (N/2) The piciord al electrode uas aiiadicd to the 
lift hand lead uiic and paired \ ith a itntral icriniiul (CsclojKxlia « f Medicine F \ 
DaMS Co) 

of tlie less common type 25 (3) Experiments on the monkey, carried 
out in the Dutch East Indies, Inve shown tint in this inimal section of 
tlie left bnnch of the His bundle yields curves similar to those which 
clnnctcri^e the commoner type of human bnnch block section of 
ihe right bnnch yields cunes of ilu, op|X)sue tyjic 20 (|) In humm 
bnnch block of the common type, the inicrvil between ilie first vtn 
lucuhi deilcciion of iht tlcciiocaidiogrim and the onset of die cnoiid 
pulse IS on the ueidgc, greiiei ilnn in nornnl subjects, nuhcuitig tint 
systole of the left vcniriele is ibnoinnlly delayed 27 (3) in bundle 
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branch block o£ ilie common t)pe. precoidial leads (Fig. izB) from 
the left side of tire precordiuin display an abnormally late, leads from 
the right side an early, intrinsic deflection, indicating that there is an 
abnormal delay in the arrival of die excitation process at the epicardial 
surface of the left ventricle, whereas the surface of the right ventricle 
receives liie caidiac impulse at the normal time.‘-S In bundle branch 
block of die less common variety, precordial leads (Fig. 12 A) indicate 
that activation of the right ventricle is abnormally delayed, whereas acu- 
vatioii of die left ventricle takes place at the normal lime. 

In human bundle branch block the lesion responsible foi die inter- 
ruption of conduction through die main stem of the branch involved is 
seldom die sole cardiac abnormality present. It is often accompanied 
by lesions affecting die conductivity of other parts of the intraventricular 
conducting system. In die majority of cases there is present, in addition, 
enlargement of the right or left ventricle or of both, some peculiarity 
in die position of the heart, as a consequence of enlnrgcmcm, myocardial 
infarction, or some other myocardial disturbance. Since any of these 
factors may Jiave a profound effect u|>on the form of the ventricular 
complex, it is not surprising diat die configuration of the electrocardio- 
graphic deflections in bundle branch block is highly variable. 

In die past it has been the general custom to restrict the diagnosis 
of bundle branch block to diose cases of intravemricular block in which 
the ventricular complex has die following characteristics: (1) A QR-S 
interval measuring between o 12 ami 0.20 second, and extciiding over 
one-diird or more of the period occupied by the ventricular complex as 
a whole, (2) conspicuously notched or sluned Q-R S deflections of lajgc 
amplitude lu Leads I and III; (s) lar^e T deflections opixjsiic in direc- 
tion to the chief QRS deflection in Leads I and III; (j) Q-RS deflec- 
tions of die discordant type, in whidi die chief initial deflection of Lc.id 
I is opposite in direction to the chief initial deflection of Lead III. While 
many human branch block curves display all these characteristics, an 
equal or greater number do not. In the uriter’s opinion, tlic vast ma- 
jority of all electrocardiograms in which the Q-R-S interval measures 
0.12 second or more and in which consptcuous notching or slurring of 
the Q-R-S deflections is present should be ascribed to conduction defects 
involving the main stem of the right or the left bundle branch. In cases 
of this kind studied in the writer’s labordiory m which there was a con- 
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spicuous S deflection in Lead 1 (Fig 13), it has been possible iviih \ery 
rare exceptions to demonstnie by means o£ pretordial leads an abnormal 
delay in die actuation of die right \enmcular siirhcc, in cases in uhich 
there i\as no conspicuous S deflection m Lend I (Fig 11), it could 
almost ahrays be demonstrated in the same avay that there i\as an ab 
normal delay in die activation of the left ventricular surface Curves of 
the former type should iherefoie be classified as right bundle branch 
block, and curves of the latter type as left bundle branch block The 



Fjcvu; 13 bundle brjiidi block A serm of detirocardu grams >vb)d> di<i)J4\ 

n Q R S tiucnal measuring 0 12 second or more and a conspicuous S ucllcction m Lead I 
III each case serial prccordial clcctrucardu grams showed abnormally late jctis'atioa oE Uic 
surface of the right scnirdc (C)dopcdia of Mcdianc T \ Uim's Co) 

dnection and site of the T deflections the sue of the QRS deflections 
and direction of the Q R-S deflections in Leads II and III are immaterial 
In experiments upon animals, section of the one or the other bundle 
binnch yields the early phases of tlie dcxtrocardiogram or of the levo 
cardiogram, as the case may be, and it is a simple matter to determine 
whether the individual deflections of the normal QRS group in a 
given lead should be asenbed solely or chiefly to light or to left ventneu 
hr events 

Since the form of the ventricular complex in human bundle branch 
block, both riglji and left, is tMicinely variable, md since the condiic 
tiun defect is seldom the only caidiac abuormaliiy present, there is as 
yet no certaimy as to the foiin of tlie uoruial liuunii dextrocaidioirnim 
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ami ilie form of ihe normal human le\ocaidiogram, or as lo whether Uie 
normal Q, R, or S deileciion of a given lead is deri\cd solely or chiefi) 
from the former oi from tlie latter. Cases in which the disappearance 
of the conduction defect is followed by the return of \entncular com- 
plexes of normal outline arc of great interest m this connection, but 
such cases are tincomnion. 

X. PREPONDERANCE 

Wlien Einthoven began to 'tpply the string galvanometer to die study 
of heart disease, he observed that certain valve lesions, when accompanied 
b> great cardiac enlaigemeni, yielded electrocardiograms of distinctive 
type 111 cases of mural disease in which preponderant hyperijophy of 
the right ventricle was believed to be present, the chief initial deflection 
of the ventricular complex was downward in Lead I and upward in 
Lead III. In aortic disease and in other conditions m which preponder- 
ant hypertrophy of die left ventricle was snspccicd, curves of the opposite 
type were recorded. 

These observations have been abundantly confirmed. The electro- 
cardiographic signs of right axis deviation (right ventricular preponder- 
ance) and of left axis deviation (left ventricular preponderance) may , 
be summarized as follows: 

Right axis deviation Left axis deviation. 

Q is laigest m Lead III. Q is largest in Lead I. 

R u largest in Lead III R is largest m Ixrad I. 

S is largest in Lead I and is ab- S is largest m Lead III and is 

normally large m this lead. abnonnally laige m this lead. 

The index (Ri— Si) — (Ry— S 3 ) Tiie index is iiositjve and out- 

IS negative and outside nor- side nonnal limits, 

iiial limits. 

The mean electrical axis of The mean electrical axis is 
QRS IS shified m the clock- shifted in the counierclock- 

wisc diicction and lies beyond wise direction and lies be- 

ihe vertical, (a = -f 90“.) yond the horizontal. (*=0° ) 

Rif^hi axis deviation is most commonly seen in the newborn, in mitral 
stenosis, and in congeniul pulmonary stenosis; left axis deviation, in 
aortic disease, in arterial hyj)ertension with or without nephniis, and m 
arteriosclerotic heart disease. 
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II Ixft bundle bniiUi block \ Mrrics of clccit'ocardiogramt uhidi display 
a Q R S mtcr>al measuring 0 12 second or more bur no conspicuous S dellection iii Lead j 
In cadi ase prccurdial clccuuardiognms sboued abiionnally laie activation of the 
surface of the Icfe vcutridc. (Cyclopedia of Mctliaiic F A Davis Co) 
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mcle during ihis period as compared with later life He attributed the 
occurrence of signs of sbght right or slight left preponderance m normal 
mdiiiduals to unusual \anauons m die relauve weight of die two sen 
tncles, which m Ins control subjects who had died of cancer, \aned 
within wide limits In a small senes of cases, in which die heart was 
grcad) h\pertrophi«l and m which he was able to make a direct com 



Ficvu. IG T<«o cumples of left tcoincuLar prepomlenncc. \a 611} u ibe dccuu- 
ordio^m of a patient t>ith luetic aortic inMiffiacno' No 12013 u tbe declnicanl ogaa 
of a patient x>th ancnosdciouc heart diica^e and ardtac failure, (Odopedia of Medi 
one F A. Davis Ca) 

panson between die form of die electrocardiogram and the ratio of the 
Weight of the left scninclc to the weight of die right, a close agreement 
was found 

In a subsequent stud) b) Herrmann and ilson'^i in which a similar 
comparison was carried out in a larger senes of cases it was found that 
aldiough the agreement was good iii instances m which the heart was 
greatl) hspertrophied, stnkuig discrcpanacs were sometinies encountered 
when it was normal in size or oidv serv shghil) enlarged 

In aitcrapung to account for these discrejiancies, the authors called 
attention to seseral factors which might niodifv or nulhfa die influence 
evened b) die relative weight of the two sentnclts upon die form of 
the \entricubr complex In a presious article die) had shown that incom 
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pleie branch block produces complexes transitional in fonn between 
liiose diiractenstic of complete bunch block and complexes of normal 
outline, and that such curses aie not easily distinjjiiished from the cunes 
iscribed to ventiicular hyperiroph) They pointed out that peculiarities 
of die ventricular conducting tracts might liave a similar effect by 
determining the ordei in whicli the two veiuncles passed into die acme 
state Others had already shown tint countciclockwisc rotation of the 
lican about a dorsovcmral axis might modify die normal ventricular 
complex in the same direction as left clockwise roLation, m die same 
direction as right vcniucular hypettrophy It is, of course, obvious lliat 
rotation of the heait could not modify the iiiitul deflections alone, u 
must alter the auriculai complex and the T deflection as w ell To explain 
completely the more pronoiitued grades of electrocardiographic pre 
pondcrance on this basis would icxpiiie an amount of rotation that is 
physically impossible 

It has frequently been suggested dm the changes in the fonn of die 
electiocardiogram seen in axis dcviuioii aic due to rotation of the heart 
about Its long axis induced by asymmetric enlargement of the two ven 
tnclcs Roiliberger and \Vimerbcig *2 have shown that m dogs curves 
similar to those characteristic of left axis deviation may be produced by 
section of ilie anterior subdivision curves of tlie opposite type, by section 
of the posterior subdivision of the left bundle branch 

Many different views have been expressed as to die cause of die 
associnion of riglit axis deviation uidi preponderant Jiypcrtiopli) or 
enlargement of die rigiit ventricle, and of left axis deviation with pre 
ponderant hypeitrophy or cniaigeinent of the left ventricle At a time 
when It was thought tint branch block curves of the common type lepre 
senied right bundle branch block, die general resemblance between the 
eaily phases of these curves and those of left axis deviation led to die 
belief that the configuraiioii of the latter was due to die dominance m 
the bicaidiogram of an abnormally large levocardiogram generated by 
the enlarged left ventricle For similar reasons it was believed diat ni 
light axis deviation the dextrocardiogram was piedominant It would 
seem that die demonstration dial left is the common and ngJit the nre 
type of bundle branch block must lead to liie conclusion tliat the dextro 
cirdiogiini dominiles the QRS gioiip in left axis deviation, and tint 
the lev ocardiog;rarn dominates i£ in riglit axis deviation This would 
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ponderant hypertiophy of die right \entricle increases the number of 
muscle units activated in a left to right and downward direction. Since 
the position of the mean electrical axis of Q-R-S is determined by die 
direction in which the average tinit of ventricular muscle is activated, it 
is, therefore, obvious that it should theoretically point upward and to 
the left in preponderant hypertrophy of the left ventricle and in left 
bundle branch block, and in the opjiosiic dhcciion in preponderant 
hypertrophy of the right ventricle and in right bundle brandi block. 



Figure 17 A, Serial precordial leads m a case o( pteponderant hjpertrophy and 
cnlargcuicnC of ihe nghc ventricle (mural stenosis) The minnstc dcUcction is later m 
the leads from the right side of the prceordium (V| and V2) than in Uie leads from the 
left side iJ, Serial prccordial leads in a case of preponderant h)pertrQphy and enlarge- 
ment of the left ventricle (sg>hiliUc aortic regurgitation) The intrinsic deflection » 
abnormally late m the leads from the left side of Uic piccordium (Vg and V*,). Tlic 
ordinate stale for these leads is 2 mv per cm (N/2) The clinical dia^osis and the tjpc 
of preponderant hspcrlrophy speafied was tonfinRcd at necropsy m cadi instance. 

(C)dopcdia of Medicine, F A Davis Co) 



FORM OF THE ELECTROCARDIOGR^VM 591 

The diief differences consist in an exaggeration of the size of the post- 
intrinsic down\\ard deflection (S) in leads from the right side of the 
precordium, of the size of the preintrinsic upward deflection (R) and 
sometimes of the initial downward deflection (Q) in leads from the left 
side of the precordium, and of tlie intertal which normally separates the 
onset of the intrinsic deflection in tlie foiinei cimes and its onset in 
the latter The indications of preponderant hypertrophy of the one oi 
die other ventricle may be present in piecordial leads and absent m the 
standaid leads or vice versa. 

XI. ABNORMALLY LARGE OR SMALL Q-R-S DEFLECTIONS; 

NOTCHING OP Q-R-S 

Very large QR-S deflections, measuring well ovci two millivolts 
(2 cm.) are most commonly seen in the electiocardiograms of young 
individuals wiih very large hearts and good or fnrly good cardiac func 
tion, particularly in cases of congenital heart disease and of rheumatic 
aortic iiisufliciency. In Jiypertension associated vvjtli great cardiac enlarge 
ment they are encountered less frequently. The Q-R S deflections of the 
standard leads are considered abnormally small when the largest deflec- 
tion in any lead measuics less than o 5 niillivoU (5 mm.) . Small deflec 
tions of normal outline may occur in normal subjects and too much 
stress should not he placed upon sttc/i deflccttoris ivhett tiiere ts no other 
abnormality of the ventriculai complex. Very small deflections of bizarre 
outline arc commonly seen in paiieiiU with highgiade caidiac failuie 
associated with edema. The deflections sometimes, although not always, 
get larger as the cardiac function impioves and the edema disappears. 
Small deflections are also fiequently encouiiteied m myxedema and in 
myocardial infaiction, less often in a variety of othei conditions 

Alarked splintering or notching of Q-R S in Lead III when the deflec.- 
tions in this lead are small is in no way abnonnal A similar splintering 
or notching of Q-R S does not occur normally in Lead I nor in Lead II 
Slight notching or slurring of QR*S in these leads is, however, common 
enough. In noimal piecordial electrocaidiograms notching is not raie 
and appears to be due to the time interval which separates activation of 
tlie surface of the Uiin right ventricular wnill and activation of the surface 
of the thick left ventricular walk Deep notching of the chief QR-S 
deflection neai its apex in leads of large amplitude suggests the presence 

40 
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‘Ilic chief (Hlfcrcmcs ronnjt in an c\ 4 ^ 4 cr.»tiju> uf ihc m;c uf the jjovt 
iniiituic tlut»nu.ird dcilcctioti (S) in Ic^tls ftotn the side uf the 
prciortlidni. of the si/c of the ptcintiiusic tijiuaid dcffccuon (R) jiul 
soiiictiincs of tl)c initial dtstvauati] itrlhTtion (Q> iiJ leads fioni iIjc left 
siilc the ptccutdintn, .ttid of the inicnat uhuh noiin.iU\ sejuratri the 
onset of the intrinsic dcllettioii in titc fotincr cniscs and its onset in 
the latter, '(he indications of j>rc(M>tu(ri.inl hviK'ttiophv of the one <m 
the other vetiirnle »ia> he prevent in ptecorrh.t> lead* .ind .ihvtni tn the 
siandatti le.ids or vice vn^n 

XI. ABNORMALLY LARGE OR SMALL Q-R-S DEFLECTIONS,- 
NOTCHING OF Q-R-S 

Vet) laij'C Q'R b dcfUctioiis. tneavunn;* ucll ovti tuo nulhxnhs 
(2 cut.) arc most coininonU seen in the cU<iiiKaidi(>‘4i tins of \onn^ 
indivitinals utth \cr> iat^e licaits and };oo<i 01 faniv ^ikhI taiditi funi 
tion. juiticniarl) in tascs of toin>ciiital Jicait d]vc.ur and of ilicnnutn 
aoitlc insiidicicnc). In h>pcticiisioiiavuM-iatid \Mih ^reai laidiu rtdir>;r 
inent ihc> ate entonnicicd less fic(pit‘nil> Hie Q>R S dillcttiuns of the 
standard te.ids ate consufcicd ahnoinun> snuH ulun the tn\;est delirt 
MOD )n .10) lead tne.niires lest than %>•, nnllisolt nun ) Snull delirt 
lions of n0rtn.1l outline nia\ iHcnr tn nornial snhjctts and Oro nnnh 
stress Oionid not he pl.ncd n{>on such d</ie<iions nlnn there is no eniier 
altnoinialii) of the scntricular toniplcv \'cts snnll drnciiionv of hi/aitr 
outline ate ((!intiiuttl> kcii tn svkJi ht^h^^tadc carduic f.ithtre 

asMKiiated nith ctlcin.1 I he dcllcitioiis vjincinuis. alihotuh not ah\.tss 
t;ci lai};er as the raidiai fiimtion iinpioscs and the cslcnii diup{>cats 
biiull dclleitions ate also frctjurnll) eiirounteird in nisxctlcnia and in 
in\ocatdi.if infaictioit. less often iti a \ane(> of other (oiuhiioiis 

Matlsc-d sphnicriii.; or noulnn^ of Q R h m la: id JH uUtn ifie iJtJln 
tions in this lead aic sniall is m no s\.i> .ilinotiiul. .V similar spiintrnn^ 
or luiithin^ of Q K b d(H-s not tHiui uornull) in 1 cad 1 nor m laad II 
bh(;lu nouhin^ or slunin.; of QKb tn these lr.uls is. hos^istt. toinmon 
enough. In noiinat pteioidui cl«xfi<*at<h«r^ianii notching m not rare 
and .ipjscjis to be due to the time tnictsal scinch Kjutates atnsaiiun of 
die sntfaicoi the thm tight vcmncuhr s»all and .iittsation of the niifacc 
of the thick left scnitnniaf s»aU. Deep noohing of the chid R s 
(Uilcstiun near iu ajtcv 111 fcadt of latgc amjditudc suggests the pirjcocr 
*9 
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The chief differences consist in an cxag^cntion of the size of the post 
niinnsic douiiuard deflection (S) iit leads from the right side of die 
precordmni of the size of the preintnnsic upiv ird deflection (R) and 
sometimes of the tnitnl downward deflection (Q) in leads fioni the left 
side of the precordium and of the intcml whicli normally separates die 
onset of the intrinsic deflection in the foimci curses nul us onset in 
the latter Tlie indications of piepondciant hyperirupliy of the one oi 
die other tentiicle nny be present in precordnl leads and absent in the 
standaid leads or vice versa 

XI ABNORMALLY LARGE OR SMALL Q R S DEFLECTIONS 
NOTCHING OF Q R S 

Veiy large QRS deflections measuring well ovei tivo nnllnolts 
(2 cm) are most commonly seen in the eleciiooirdiOprams of young 
mchviduals with veiy hige hearts and good 01 fairly good cardiac func 
tion particularly lu cases of congenital heart disease and of rheumatic 
aortic mstifliciency In hypertension associated with gieat caidiac enlarge 
merit diey aie eiicoinuercd less fiecjucmly The QRS deflections of the 
stamlaid leads arc considered abnormally small when the largest deflec 
non in any lead meisurcs less than 05 milhtoli (5 mm) Small deflec 
lions of normal outline may occur m noimal subjects and too much 
siicss should not be placed u|x>n such dcfleciions avhen iliere is no other 
abnormality of the \cntricubi complex \ try small deneclions of bizarre 
outline aic commonly seen m |xitient$ with highgiade cardiac failure 
associalcd wnli edema TJic dcflccuom somcinnes altliough not always 
get larger as the cardiac function imj)ro\es and live edema disajipears 
Small deflections arc also freipiently encountered m myxedema and m 
myocaidtal infaiciion less often iii a \antty of othei conditions 

Marked splimci iiig 01 notching of Q R. S in Lc id III when the deflec 
Horn in this leid are small is m no way abnormal A similar splintering 
01 notching of Q R S dots not occur nonnally 111 Le id I noi in Lead II 
Sbg,ht noidnng or slurring of Q R S iii these leads is however common 
] enough In normal precordnl dcctrocanhOorams notching is not raic 
and appears to be due to the time uneiaal winch separates aciivdiion of 
the surface of the thin right acnincular wall and activation of the surface 
of the thick left vcntneuhi wall Deep noirhing of the chief QRS 
deflection near iis apex in leids of laige imjdmidt suggests ihc presence 

40 
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of jntraventiicular block It is fiequeiiily associated uith a slight increase 
in the Q R S iiiter\al Initial deDeLtions wliidi resemble the letter M or 
tlie letter W in outline and aie of small size have no significance when 
present in Lead III only when present in Lead I or Lead II they sug 
gest intraventricular block or myocardial infarction In general liowevei, 
great caution should be exercised tn the interl>retalion of notching, slur 
ring o) other minoi ahnoinialiltes of the QJIS deflections 

XII T DEFLECTION 

Investigations dealing ivith abnormal T deflections have for the most 
part been concerned with the importance of inversion of this wave in 
one or more leads Inveision of T in Lead III alone is frequent in 
normal subjects inversion of T m Leads I and III witJiout inversion in 
Lead II IS impossible The patliologic combinations therefore areinver 
Sion m Lead i alone m Leads I and H, in all ilnee leads or in Leads 11 
and III It is not clear at the present lime that the leads involved is a 
matter of much practical iinpoitance, or what the precise significance of 
the different combinations may be 

One difficulty m die solution of problems involving tlie significance 
of abnormal T deflections arises from die circumstance that the foim of 
T IS to a considerable extent dependent iq>on the contoui of the initial 
ventricular deflections It is determined by the order in which the ven 
tricular muscle passes out of the excited stale and this in turn depends 
upon at least two mdependeut factors (i) Upon the order of activation 
which controls the form of the QRS deflections and (a) upon the 
presence of variations normal oi abnomiai m the duration of systole in 
different muscle units Such variations aie due to local causes It is 
desirable to be able to distinguish between secondaiy abnormalities of T 
due to the first factor and primary abnormalities due to the second 
Abnormalities of die first kind have no significance other than that which 
may be ascribed to the abnormalities of the QRS deflections upon wlucli 
they direcdy depend 

It has been pointed out on a previous page that the area of Q RST 
m a given lead is equal to the area of the T deflection which would have 
been inscribed if die area of QRS weie zcio By measuring die aiea 
of QRST it may dierefoie be dcieiinined whelhei die form of QRS 
IS solely responsible foi inversion of T in. a given instance or whether 
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ihe Inter is dependent upioii abnormal local \ariations in die excitatory 
process The diphasic character oE the ventricular compleKes commonly 
seen in bundle branch block and in mail) cases of axis deviation is directly 
due to die large area of Q R S ivhidi controls the direction of die T deflec 
non \^entricular complexes of the normal type are jiolyphasic because 
die area of Q R S is too small to overbalance the effects produced by local 
variations in the excitatory process When diese local variations are very 



FiCLU. 18 Tt o clecimcardiogtams from ihe Mine paucnU Xo 8073 \ at taken (>cfoTC 
and No 8120 after digiCalLzalion The latter »lio»s itic imerted T deflections an I the 
profonged F R intctral cummonl) produced b]r full dotes of digitalis (C)dopc(lia of 
Med one F V.DaMsCo) 

great they may deierivtne ihc direction of T even diough QRS has a 
large area 

Jf die elecirocirdiognm is gieatly enlarged die area of Q R S T may 
be accurately measured vs idi a plamraeter, but tins is a laborious process 
not adapted to die intei pretation of clinical electrocardiograms In many 
instances however die area of QRST may be estimated by inspection 
uilh sufficient accuracy to deleniime whether inversion of T is secondary 
or primary Since secondary inversion of T has no independent signifi 
cance, attention may be confined heie to primary inversion due to abnor 
mal local vaiiations m the excitatory process The conditions in which 
inverted T waves of diis kind may occur are exceedingly numeious 
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First of all raa) be mentioned the changes m T produced by digitalis 
As ivas shown by Cohn Fraser and Jamieson when gi\en in adequate 
doses this drug produces a gradual depression of that portion of tlie 
ventricular complex winch immediately succeeds the last initnl defiec 
tion the ascending limb of T and ilien its later portions are successively 
involved so that it is finally replaced by a U shaped depression (Fig i8) 
The end of T is oidunrily die last part to become negative The effect 
IS usually similai iii ill leads and occurs in normal subjects and in all 
types of heart disease T waves which are inverted before digitalis is 
given become deeper The aniotmi of digitalis required to produce tliese 
changes is somewhat variable 

Changes in the form of the T deflection may occur aftei the admiiiis 
traiion of qumidine or of msuhii after diinhing I irge tjuantities of iced 
fluid after the inhalation of cigareiie smoke {^Vbne'''^) and in alkalosis 
or acidosis 

Inverted T waves may occui as a transient phenomenon in all types 
of acute heart disease acute rheumatic pericarditis and myocatditis 
diphtheiitic myocarditis the acute myocarditis of trichinosis toxic goiter 
myxedema during uiesthcsta during an attack of angina pectons and 
in infections and intoxications of vaitous kinds 

As a permanent phenomenon inveision of T may be seen in all types 
of chronic heart disease Although not always piescnt in angina pectoris 
It may be the only positive sign of cardiac disease tint can be elicited in 
this condition and therefore is of great value in diagnosis 

In adults the T defleciiou of precordtal leads is nonnally an upward 
deflection m those leads in which the precordial electrode is placed to 
the left of the sternum In leads in whicli liie exjiloring electrode is 
placed to the right of the stetmim and m childien it may be a down 
ward deflection Abnormal T waves may occur in precoidial leads when 
they are absent in the standard leads 

XIII CORONARY OCCLUSION 
In the diagnosis of recent myocardial infarction the electrocardiogram 
is of the greatest importance 34 It frequently yields data which point 
unequivocally to die presence of infarction when physical and xray 
examinations disclose no definite cardiac abnormality Because the 
changes in ihe electrocardiogram are progressive and the sequence 0 } 
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changes is chaTacteristic, il ts imporlant to obtain a series of cunes when- 
ever it is possible. 

The earliest change consists in a temporary displacement of die R S T 
juncuon and tlie portion oE the ^entricula^ complex -which immediately 
foUotvs it (R-S-T segment). Slight peniianent displacement (i mm.) of 
this junction and s^nent is soiuetinies seen in normal subjects, and more 
pronounced permanent displacement is common in bundle branch block 
and in axis desiation. 

Apart from die displacement of die R-ST segment -widiout much 
cliange in die position of die R-S T junction commonly seen after the 
adminisiradon of digitalis, temporary R S-T displacement is almost 
ahv'ajs due either to sery recent coronary occlusion or to acute pen 
carditis. In the Conner, die displacement in Lead I is usually opposite 
in direcdon to the displacement in Lead HI, while in. the latter the direc 
don of the displacement is usually the same in all dnce leads 

The R-S-T displacement of coronary occlusion rapidly diminishes in 
most cases and seldom lasts more than a feu* hours or a feu* days As it 
declines, characteristic T ivave changes almost in\*ariably develop The 
decline of upward R-S-T displacement is accompanied by sharp inversion 
of die end of die T v>’ave; as the inversion becomes more pronounced, 
it progresses backwards towards the Q R-S group. The final result is a 
\ery large, sharply inverted, V-shaped T defieciion with a shoulder on its 
descending limb, which is convex towards die base line. These peculiar 
T waves have been referred to as “cove plane T waves” and as “coronary 
T waves.” Their appearance is most distinctive during die period when 
some displacement of the R-S-T junction is still present. Downward 
R-S-T displacement is followed by T wave changes of the same kind, 
except that die direction of T is reversed so dial it becomes a sharp- 
peaked, upward deflection. The T wave changes ordinarily reach their 
maximal development m two or Uirec weeks, and persist for several 
months. In the course of dme, inverted “coronary T vraves” are replaced 
by upright T waves, or gradually lose their distinctive outline. 

Tlie kind oE changes v^hidi develop in the diffeient staiidaui leads 
depends upon die location of the Jnfaicted region. WJien the infarct lies 
on die anterior wall and imoUes the left margin of the heart upward 
R-S-T displacement and inversion of T occur in Lead I and changes of 
the opposite type in Lead III. These clianges in the final deflections of 
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tlie vcnincuhr complex irc \er> ofuii ittonipjiiicd bv ahcrations in the 
QRS delleciions (Fig ii)) In U-id 1 these dellcciions become small 
and the most dnnaenstic conngurttioii is a prominent and sometimes 
broad Q u-a\e folloued bj an K uaic 5 mm or less in height In Lead 
III Q IS not prcscnl K ini) be the onlj initial dcHcction in tins lead 
but very often it is follotvcd by a lat^e S The ventricular dencctions of 
I^ad II usually resemble tliose of Lead III but miv resemble those of 
Lead I 
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10 S«na of ckcltCKard ugnn s tl <h d |by dun^n in the vet it cubr 
u>m( lei uf liie L 4 ] rod ml li) mbro mi of il c at u-r or \cnix cular 1 1 laa I I 
il e Q R S ddicet on* are null a I a co 1 ji cu uv Q dcllcci on 11 { r&cnt In \ thiTc * 
pronounced diiplacsi et i ( il c R S T j uion -i kI c t In D C D and £ si at] ly 
inicTU'd 'coruiury'* f 1 aid Mcur ii Lead I or n Leals 1 and il (Cjclopedia of 
Med one F V. Dans Co) 

When the infarct involves the posterior wall and dnphrignniic 
margin of the heart proinincm Q waves ajijicar m Leads II and III 
and these arc the leavls m which upward RST displacement lud inver 
Sion of T occMT (Ftg •’w) In Le vd 1 Q » wsmUy abseni or %et> small 
the RST displacement is douimard and the ahcrttl T waves aic 
upright 

Unhide tlic changes in the F wive tliose which occur in the QRS 
group are as a rule pcniianent and often make it {Kissible to under a 
lentatite diagnosis of old myocardial iiifarcuoii in eases in which the 
coronary accident occurrcil several years before tlic clccliocartho^rajihic 
cxamtnation Tlie most chamcteristtc QRS changes in anterior infarc 
tion consist in a mean electrical axis winch is nearly vertical a Q wave in 
fxad I measuring at least 1 inni and at least one nfih as latge as die 
higcsi R in any lead and an R wave m I^d I measuring t) mm or less 
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in height Tije most diamcteiistic dnriges in postenoi infarction consist 
m a Q wave m Lead III at least one half as large as the largest Q R S 
deflection in any lead a Q wave in l^ad II measuring at least i mm 
and at least one fourtli as large as R in Lead II and a mean electrical 
axis which is shifted to the left or is in the normal position Large 
Q wares in Lead III only are common m patients uho give a hxstoiy 
winch suggests coronary occlusion or who complain of anginal pam but 
since they someumes occur m pregnant women in association v\ith eleva 
tion of the diaphiagra and m normal subjects who are obese the> are 
of comparative!) little help in diagnosis A positive diagnosis of coionary 
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f (CURE 20 Scr C8 of eI«ctroc3ti( ograi it < f U c ki id seen n cases of mfarct on of ti e 

E ostcror senincular i all Couspeuous Q dcRecton are prcseni m Leads II and III 
1 A thcie u ptonounced d s| Hceme t i ( the R S T j i ci on a d scf^icni 1 le 
B C and D imcrad coro ary T ates arc present in Leads il and lit (Cjclopcd a 
of Med nne F A Uaiis Co) 

occlusion should not be based upon Uie electrocardiogiam alone unless 
unequivocal clianges of chancienslic type aie present ni both the initial 
and the final deflections 

When tlie anterior wall of the heart is infarcted char icienstic changes 
are present in the precordial electrocardiogram in man) instances in 
which they aie absent in the standard three lead electiocardiogram They 
consist m the sequential development of pronounced upward displace 
inent of tiie RST junction and segment of an abnormal large nntial 
downwaid deflecuon (Q) winch is often the sole deflection of the QRS 
group and of very laige inverted T defleciions of the coronar) type 
(Fig 2i) These charactensucs are often most conspicuous when tlie 
precordial electrode is placed directly over Uie apex beat (Lead V4 or 
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(ICLRE 2] Sciial prcwrilut dnlrwcarO oKtaius obiainn] in fnc ascs of coronar) 
occlusion In 1 O C and D e changes m Uie ^cnir cubr complex jxni t lo infarction 
of U e aniertor scntncular H'all In the frst (1) an abnonnally large initial d< unisard 
dcdect on IS folio ed b^ upward displacement ol i! e K b T jui cuon ai 1 segtnei i 1 1 jU 
a later stage of ii farci on is rc| revn led uj i atd ds placement of tj c R S T scgii c l is 
gising 1 lace to il aT|) insas on of the*! deflecuon In C and D tl c "coronary** T wares 
are Hc!l-dcscIo]>cd >i tie f inier tie (> R b tJ ai ges ate iharaciensiic in lie latter 
tl c) are atiscni or ^ucsiior able in £ U ere is dossnisard displacement of il e R b T jui c 
uon and segment poii 1 1 g to sery recent infarction of il e posterior sentncular vail 
but the Q R S dcflcciioiu arc not abnormal In f the otd naie scale u 2 ms per cm 
(N/2) In h C C and £ it e ord iiate scale u 1 mv per cm (N) (C}clopedia of 
bfediane. F A Das s Co) 
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Lead IV r) , but in some instances tliey are more pronounced in leads 
in which this electrode is placed near the left sternal border or half- 
way between tin's border and the apex beat (Leads V.y and V 3 ) . ^Vhc^ 
Q-R-S changes ar c prcseirt alone, they should not be considered of diag- 
nostic importance unless they occur in leads in which the exploring 
electrode is placed to the left of a point midway hetucen the left sternal 
margin and the mid clavicular line. 

^Vhen the posterior wall of the heart is infaictcd, piecordial leads 
are rarely liclpful except during the period when R-S-T displacement 
is present (Fig. 21 ). During this period they usually show conspicuous 
R-S-T displacement tn the dowiiuard drrection. 

In some cases, myocardial infarction leads to lemjximry or permanent 
disturbances of imravcmriciilar conduction (mtravciuncular block, 
bundle branch block) winch tend to ohscuie the chainctciisiic clianges 
described in preceding jxiragraphs. In other cases, the chief features of 
the ventricular complexes of the standard leads aie the small vi/c and 
bizarre outline of tlic Q R-S dcllcttions Atrioveiuriculai bloik paroxys 
mal Ventricular tachycardia, nun'culai fibrillation and other dtsturhatKes 
of rhythtn frequently occur. 

XIV. ANGINA PECTORIS 

Anginal pain is frequently associated uith clcctrocartltogiams of 
norm.al outline; more often iiuravcniricular block, abnormal inversion 
of the T deflections, I.iigc Q waves in Lead HI, or left axis tlcviation is 
present. Tliese changes often offci the only objective evidence of lardiac 
disease, and they arc of diagnostic im|X)rtaiKe for this reason 'I hey arc 
nor, however, disijncrivc, since they ronnnonly occur in assotiauon with 
many dilfcrcm cardiac abnornwHiics. When an clectrocaidit^am is 
taken during an attack of anginal pain, sjiontancuus or induced, tiaiisictu 
displacement of the RST junciiou and segment or inmsicni inversion 
of the T deflection is not infrctjueinly observed. Such changes suggest 
tetiipoi'nry myocardial ischemia and arc sometimes of value in diagnosis 
v\licn tiic chest [xiiii Is atypical. 
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CHAPTER XXVIII 


ELECTROCARDIOGRAPHY 

SAMUtL Bellet, M D , AND Thomas M McMillas, MD 

Since tlie theoretical side of electrocardiography has been discussed 
in another portion of tins book, this ciiajiier will concern itself chiefly 
w ith the practical aspects of Uie subject and tlie use of this graphic method 
in clinical practice 

I THE ROLE OF THE ELECTROCARDIOGRAM 
IN CARDIAC DIAGNOSIS 

Certain nnsconceptious ate soinctnnes encountered regarding the 
function seraed by the eleciiocardiograph in iJie diagnosis of cardiac dts 
ease This ranges from the opinion that it is of little saltie to the belief 
tliac tlie electrocardiograph is the final court for deciding tlie presence 
or absence of heart disease Somewhere between these two aieus lies the 
truth Undoubtedly tins graphic method gives information relative to 
the heart, which can be obtained by no other means However, Uie physi 
Clan who uses the electrocardiogiapii wisely will remember its limitations 
and will treat the method as a supplement to and not as a substitute for 
a careful history, physical examination and roentgen study 

There arc certain cardiac conditions m which the electrocardiograph 
IS particularly valuable conditions in whicJi the information contributed 
by the electrocardiogram is on a par with or even more important tlian 
that contributed by clinical study Among such conditions are (i) the 
cardiac arrhytlimias (2) pericardius occasionally {3) bundle brandi 
block and lesser grades of AV heart block, (4) tlie degree of effect of 
digitalis on the myocardium, (5) myocardial involvement in certain in 
fectious diseases and abnormal metabolic states and (6) particularly acute 
coronary occlusion The chance tliat the graphic meiliod will lescal 
some evidence of myocaidial derangement, not obtainable by other ineth 
(C02) 
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ods o£ examination is so definite tliat no study o£ a heart can be regarded 
as complete which does not include an electrocardiogram 

Among the limitations of the electrocardiogiaphic method perhaps 
the chief one ts the fact that definite, even serious heart disease may exist 
in the picsence of a normal ot a relatively noimal electrocardiogram 
The use of precordial leads Ins reduced somewhat the number of such 
instances rurtherraore the degree of elcctrocardiogriphic change does 
not necessarily mirror liie degree of myocardial disease We must there 
fore adopt this point of \ieu when the electrocardiogram reseals un 
mistakable and characteristic changes tliese are to be accepted as evidence 
of a sexere cardiac disorder when the alterations arc slight or even when 
the electrocardiogram is normal we arc not justified on this cvidenec 
alone in concluding that no caidiac disease exists 

Another limitation lies in the fact that between the rather wide lange 
of variation observed in normal tracings and those that clculy denote 
myocardial disease there is an important group wlierc the significance 
of the alterations is equivocal Certain changes are neither entnely normal 
nor do they clearly represent disease Examples of such alterations aie low 
Ti with normal amplitude of QRS complexes slurring of QRS com 
plexes inverted To low amplitude of the QRS complexes without oiIu.r 
changes and occasional ectopic beats Such findings should be interpreted 
conservatively They should not be accepted as evidence of disease unless 
or until some other confirmatory evidence of disease is obtained 

II THE INSTRUMENT AND METHOD 
Before considering the features of the electrocardiogram we vvisit to 
discuss briefly the apparatus and tlic icchiuc employed in its use 
A muscle when activated to contract protiuces some electrical activity 
die magnitude of whicli depends on Uie size of the muscle ^Vhen the 
body IS at perfect rest, the muscle chiefly acting is the heart, the other 
large masses of muscle being m a relatively inactive stile The cnncni 
develojied by the heart muscle is transmitted through the tissues to the 
peripheral parts of the body where it may be picked up by suitable elec 
trodes and transnmicd to the electrocardiograph In the indirect or hmb 
leads the current developed whiclt reaches the instrument measures i 
to \ m\ m 1 ead II 
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Tuo l>pcs o£ machines are employed in taking electrocardiogram!., 
the string gahanometer and the oscillograph models. 

Tlie string gaUanomeier consists o£a pouerful electromagnet beiucen 
the poles of rvhich is situated a finely drawn quartz string filmed with 
silver, 0.002 to 0005 mm. in diameter. The current produced by the 
heart and carried to the instrument tlirough suitable electrodes and wires, 
passes through tire siring which has a low resistance (1000 to 10,000 
ohms) and produces osallations which arc magnified through a system 
of lenses and projected on moving sensitive paper or film where it is 
photographed. Time interv als of and of a second arc photographed 
srmultancously with tlie oscillation of the string. 

In tlic oscillograph type of electrocardiograph which has been recently 
introduced, the recording part of the instrument consists of a small mirror 
attached to a movable coil situated in a magnetic field. 'Hrc mirror swings 
with tire movements of (his coil when a stillicicnily large current enters 
tlie circuit and die reflection of the beam of light is photographed on 
moving sensitized photographic film or paper. Tlie sensitivity of this 
instrument is increased by a tliicc stage vacitum tube amplifier whicli 
enables it to record the small currents produced by the heart. Its sen* 
sitivity is adjusted so that tracings may be taken without considering the 
patient’s own skin resistance. Tliis is due to the fact that an c-xtremely 
high resistance is already present in the amplifying circuit compared to 
which the resistance of the body is small in proportion. In botli types 
of instruments tire film or sensitive bromide paper is run at a usual s{>ced 
of 2j mm. per second. 

A. Technic Employed in Taking Electrocardiograms ; Dcctrocar- 
diographic tracings are taken with die ixiiicnt in either the lecumbent 
or silling positions.* It is imporuiu that he be made as comfortable and 
as relaxed as possible, avoiding ircmors of the anus and legs. The diswl 
jxjrtions of the left and nght arm and left leg are rubbed with a doth 
s.-uunucd with salt sohmon. Recently an electrode paste containing salt 
and a mild abrasive pumice base has been found more suitable for this 
purjOTsc. German silver clcctnxics are firmly applied to ilicse aie.is wblili. 
it is empbasi/ed. must be well prepared. 

•Slight thanges ..e occasional]) obtened m the clcftnKardiograros laten in wo 
ixMiiionc In comparing clccirtHardiograBW m the Mmc paiicnl. ihn j>omt thotiid i< bonie 
in mind. 
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B. The Leads: The 2>Landnid cleclrocaidiograuj consists of Uie tiiiee- 
Unib leads. Lead I is secured by recording die electrical aedvity benveen 
the contacts of the right and left arm; Lead II, that between die right arm 
and left leg and Lead III, diat benveen die left arm and left leg. 

In addition to die three indirect or limb leads, precordial leads are 
noiv frequently employed. Tiieir value in die diagnosis of coronary occlu- 
sion was first established by die work of Wolferdi and ^Voods and 
later by \Vilson 3 . Since diat time, Uiey have proved of value in many 
other conditions, c. g., acute pericarditis, digitalis effects, bundle branch 
block, right and left ventricular hypertrophy, hypertension and angina 
pectoris. 

An electrode 3 cm. in diameter is applied to various regions of the 
precordium, die most important position being die legion of tiic cardiac 
apex. This is coupled with an electrode placed on the left leg, angle of 
the left scapula, right arm or left arm. Tlie electrode placed in the pre- 
cordial region is the most ini{X)rtant; for upon its position chiefly depends 
the configuration of die resulting (precoidial) electrocardiogram. Alter- 
ation of even a few inches in the position of this electrode may definiiely 
change the character of die clecirocardiograni. The electrode close to 
the heart is called the e.vploring electrode. The electrode placed on die 
arm, leg or angle of the left scapula is called the indifferent electrode 
becuise cliange of its position alters the electrocardiogram little or not 
at all. Since tJic sitvalion of the exf^loring electrode is extremely impot- 
lant for correct electrocardiographic inlerpietalion, its placement should 
not be left to a technician unless he or she has been thoioughly hained 
in this work. 

Early in the use of precordial leads, considerable confusion resulted 
from die fact diat various investigators used different positions for the 
precordial leads and different meUiods of applying electrodes. This con- 
fusion has been largely obviated by die Committee of die American He.art 
Association and the Cardiac Soa'ety of Great Britain and Ireland which 
have recently recommended a standard method for applying die elec- 
trodes and a nomenclature to be used in describing precordial leads:^ 

Some of the important recommendations follou’; 

A. Nomenclature: When a lead from a single point in the pie- 
cordium is used, the exploring electrode should be placed at the apex 
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and ihe folloiving terminology applied, depending upon tlie location of 
indifferent electrodes: 

IVu — ^Apcx to angle of left scapula. 

IVfi — Aj)ex to rigiit ami. 

IVl — A jiex to left arm. 

IVp — ^/\pc\ to left Iqj. 

WJien leads from tuo or moie piecordial points are einplojed, it is 
suggested that the precordial electrode be paired uiiJi an electrode on 
the left leg or right arm. It is su^ested further, that tlie letters CF or CR 
be used follorved by a subscript, to be employed to designate such 
leads, e.g. 

CFi — Right margin of sternum to left leg. 

CFii — Left margin of sternum to left leg. 

CFjii — A j>oim muUva> l>ci\vccn the left margin of 
the sternum and the left m!d claiictilar line to 
left leg. 

CFjv— Left mtd-fla\inilar line lo left leg. 

CF^ — Left anterior axillary line to left leg. 

CFti — L eft midaxillary line lo left leg. 

If the right arm instead of the left leg is used foi the indifferent elec* 
trode, R is substituted for F in the abo\e. Thus uc would have CRi, 
CRii, etc. 

In the sternal leads (CFi and n) the prctordinl electrode is placed 
in the fourth interspace. In die case of tlie oilier leads (CFni. n. \ 
and Yi) , it is placed upon a line drawn from the left sternal margin in 
the fourth intercostal space to the outer bordei of the apex beat and 
continued around the left side of the chest at the line of the apex beat 
or of the junction mentioned. 

The galvanometric connections arc made in such a way that lelative 
jKJsiiUity of the precordial electrode is represented in die finished curve 
by an upward deflection and relative negativity of this electrode by a 
downward deflection. Thus, to take Lead IVt, die left leg wire is con- 
nected to die precordial electrode and the right arm wire to the left leg 
electrode; the lead switcli is placed on Lead 11. 

This method makes it possible to assign the letters Q-R-S to the indi- 
vidual deflections of die primary ventricular complex in exactly the same 
manner as in standard limb leads. 

In taking a single prccordial lead. Lead IVv or IVu should be 
cmplo)ed. 




niusirating Afethod of /^pplicatioa of Efecttodes fot Chest l^ads (See Text) 

To take CF leadt the left leg clectiodc t« plaenl m 0>( ptccor<ljal regioo >n the different potiiiont 
noted ll><! eight arm elecuode i> placed on (be left leg and the electrocardiogram it taken oa Lead 11 
To lake CR leadt the right arm electeode u placed on die right arm the left arm electrode if placed 
oa Che precordtum la the differenr pouiiODf noced and the ciecxrocardiogram It taken on lead I 
(iDtett) Paiicne tuned m lelc oblique poiition to lUinUaie application aailtary Icadi 
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III THE NORMAL ELECTROCARDIOGRAM IN 
THE THREE LIMB LEADS 

The normal elcctiocaidiogram consists of itvo poruons an auricular 
complex (P ^\a\e) and a ventricular complex (Q R S T portion) The 
auricular complex or P v^ave consists of i round blunt or pointed upward 
deflection i to '> mm in amplitude The P na\e represents tiie spread of 
tiie excitation wave from its origin m the S A node tlirough die auricular 
muscle It IS sometimes followed b> a dip called the auricular T wave 



best seen in tracings of A V heart block ‘Sonnally die P wave :s smooth 
and upright However there are many exceptions and variations which 
will be subsequently discussed 

The P wave is followed by an isoelectric period during winch the 
string remains at rest except in die nre instances m which in auricular 
T wave IS present Wiiile the period from die beginning of die P wave 
to the beginning of the Q R S complex represents the lime required for 
the impulse to spread from the S A node dirough die auricuhr muscle 
ind through the A V node and bundle of His to the point of its division 
into right and left bundle branches in the upper portion of the inter 
ventricular septum the great majority of this time is occupied by the 
passage of the impulse through die AV node and bundle of His This 
interval ailed die PR interval nonnally nieisures from oi'» to o i8 
second 

The Q R S complex is produced by die propagation of the ardiac 
impulse through the right and left bundle branches their ai borizations 
and die Purkinje fibers to the muscle of die ventricles at the icrminiiion 
of the QR-S complex the entire ventricular muscle has been involved by 



60S 


C \RDIOV/\SCUL/\R DISCASL 


ihc cxcinijon piocciS The dunuon of the %cniricwlar complex should 
not exceed o i second 

M jn the case of the P wave, the normal hnms of \irniion of the 
Q R S complex ire i\ide lor instance, the absence of cither the Q ua\e 
or the S ua\e or botli ua\ts is not an abnornnlitj In a strictly noinnl 
Q R S complex, there is ahsiys present ar\ R tva\c sshich js more ptonn 
nent than either ihe Q or S m\cs ind uhich morcoser is taller in Leid 
II linn in ciilier Leads I or III, it is to be remembered that slight de- 



grees of axis deviation Ircqueiuly develop in normal hearts and do not 
therefore by themselves toiistume evidence of disease So too in a strictly 
normal QRS complex the wives are dement ind unshaded However 
in certain instances, shading or even notching are seen lu ipparenily 
perfectly healthy hearts Tlicsc and other varmions will be liter dis 
cussed 

The T wave is the terminal portion of liie ventricular complex ind 
represents the retreat of the elcctncal activity m Uie ventricle as con 
tnsted to the QRS complex which repicsems the sLigc of invasion It 





ticLBE 2 C, Note ihc Q \ia\n in Lead lU. the m\eiicd T m Ixad III ami 
the inserted P va^es in Lead III \S'hen confined to Lead III th«e ihangn are of no 
wfiiii/icance D, Note ilie low amplitude of s)l nates in Lead J This it of no tjgn/fiance 
i( the amplitude of the nates is normal in the other tno indirect leads Tins configura 
non has no significance other than to indicate ihai the elcuural axis is approximately 90® 
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consists of a blunt, rounded, upt-^ard deflection rising gradually from the 
isoelectric line to a height of 3 to 8 nun and then sloping dounuard to 
tlie base line. The T ua\e is normally an upright wave. Houever, since 
the T ua\c is so ficquciuly iincrted in Lead III, in normal individuals, 
tills cannot be considered as an abnormality. 

^Vhilc one may speak of a normal clccirocavdiogram and associate tlvat 
statement uitii a certain definite configuration of the complexes in tlie 
electrocatdiogram, one should remember that like the human face, no 
tXLO electrocardiograms are identically alike. It is best, therefore, to think 
in tcims of tlie “normal range*’ of the clcctiocardiogram since diere are 
so many normal variations and deviations. Failure to realize tire wide 
limits of the normal electrocardiogram is one of the chief causes of tlie 
misuse of tliis method In Fig. 2 arc tllitstraied some of the variations 
shoun by normal tracings. 

A. Relation of Ventricular Complexes in the Three Indirect Leads : 
It has been shov^n by Einthovcn,*> that in the Hmi) leads the waves in 
Lead II icpiescm an algebraic summation of iliosc in Leads I and III. 
With upright complexes in all Icatb, the R viavcs and T waves arc of 
greatest amplitude in Lead II. In the presence of right and left axis 
deviation, the amplitude of these complexes varies, depending on their 
relative positivity or negativity in Leads I and 111. 

B. The Q-T Interval; The disumce between Uie beginning of the 
Q wave and the end of the T wave icprcscms electrical systole. It is be- 
lieved that this interval is the best mcasurcmcat we have for die dura 
lion of mechanical systole.* While the Q-T interval (electrical systole) 
corresponds fairly closely with die value of mechanical systole as deter- 
mined by heart sound records, this correspondence does not hold vihen 
the Q-T interval is abnonnally shortened or lengthened. Mechanical 
systole is longer in the former and shorter in die laitei. The Q-T length 
is a function of the heart rate, being shorter for faster rates and longer 
for slower rates. The value for the normal Q-T interval has been estab- 
lished by BazettT where S” = K. yc®, the constant K being 0 37 for men 
and 0.40 for women. Fridericia’sS formula is S = 8 22\/c and Hegglin 
and Holuman S = o.ggyc for both men and women. The variation in 

• * = lcngih of s)-stole 

* c = qclc length. 
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tlie calculation of systole by these different methods is slight and for 
practical purposes may be disregarded. 


TABLE I 

Calci;£,ation of Et-LcnucAL Systole by Bazett’s Formula S = Ky'c 


Cicle lengik tn seeonds 

1 

Square root of cyck 
' (R-R interval) 

1 Durattoit of Systole 

X 0.3T {men) 

XO 4 O {women) 

0.40 

063 ' 

0.233 

0 252 

0.42 

1 0.6S 

0J39 

0 260 

0.44 

0 66 1 

0 242 

0 264 

0.46 

0.67 1 

0.250 

0 . 26 s 

0.48 

069 1 

0.2S5 

0 276 

OSO 1 

0.70 1 

0.259 

0.280 

052 

0.72 

0 266 

0 288 

0.S4 t 1 

0.75 

0.270 

0 292 

0.56 

0.74 

0.274 

0 296 

0.58 

0.76 

0.282 

0 304 

0.60 

0 77 

0.285 

0.308 

OM 

080 

0 296 

0.320 

0.66 

0.81 

0.299 

0 324 

0.68 

0.82 

0.303 

0.330 

0.70 

0.8J 

0.307 

0.333 

0 72 

085 

0 315 

0 340 

0.74 

0.86 

0318 

0.144 

0 76 

0.87 

0.322 

0.348 

C.7S 1 

a.$8 1 

0.S26 

0.352 

0.60 ' 

0 89 1 

0.329 

0.3S6 

0.82 1 

0.90 1 

0 333 

0 360 

0.84 

0.91 

0.337 

0.364 

0 86 

0 92 

0.340 

0 368 

0 88 

0.93 

0 344 

0.372 

0 90 

0.95 1 

0.348 

0 376 

0.9J 

0 96 

0.352 

0.380 

0.94 

, 0,96 

0.355 

0 384 

0.96 

1 0.97 

1 0.359 

0.388 

0 98 

1 0.98 

0.363 

0.392 

1.00 

' too 

1 

' 0 370 

0.400 


C. Comparison of Time Relations of the Electrocardiogram With 
Certain Mechanical Events: (a) T/ie Excitation Process: The relation of 
tire electrocardiogram to heart sounds is of both theoretical and practical 
import. The first heart sound begins in man from D.009 to 0.039 of a 
second after the beginning of Uie Q-R-S complex. The relation of the 
T to tire second sound is v-ariablc; it may fall 0.03 secoird before or after 
the second sound.£> 
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Tlie upstroke of P precedes the upstroke of a in the human jugular 
curve by from o.io to 0.15 second. The upstroke of R precedes the 
upstroke of c in the human jugular by from o 10 to o 15 second. 

It tlierefore appears that die electrical events defiimely precede the 
actual mechanical contraction of the heart. Tins type of observation 
forced early investigators to conclude tliat clectricil currents tiut produce 

TABLE U 

Tahle ior Calculation or He.vrt Rvte 


(T/ie r ollo^ifing Table Can Be Used if the Ithyllim Is Jtegtilar) 


Length of acU ! 
in I/^ sec 

Rate per min 

Length of eycU 
tn \}io sec 

Rate per mtn 

Lenglhof cycle 
tn }/S5 sec 

Rue per imn 

5 1 

SH 

300 0 

272 7 

2oyi 

73 2 


42 2 

6 

2500 

21 

7J4 

36 

41 7 


330 8 


Wt 


41 4 

7 

214 3 

22 

682 

37 

40 6 


200 0 

22H 

667 

37H 

400 

S 

1874 

23 

55 2 

38 

39 5 

S16 

1765 

23H 

638 

38H 

39 0 

9 

1667 

34 

62 5 

39 

38 5 

9H 

157 9 

24H 

6! 2 

39ii 

38 8 

10 

1500 

25 

600 

40 

375 

loH 

142 9 

25M 

58 8 

iOii 1 

37 0 

11 ' 

136 4 ' 

36 

57 7 

41 ' 

36 6 

nH 1 

1104 

26« 

56 6 

4IH 

36 t 

12 1 

125 0 1 

27 

55 6 

42 

35 7 

12H 

120 0 

27H 

544 

42>5 

JS-3 

13 1 

115 4 

28 

53 5 

43 

14 9 

13M ' 

nil ' 

im 

52 6 


34 5 

U 

107 1 

29 

51 6 

44 

34 1 

liH 

103 4 

29H 

508 

44H 

33 7 

15 

100 0 

30 

500 

45 

333 


968 

30H 

1 49 3 

4SH 



93 8 

31 

1 48 4 

46 


16H 

909 

3IH 

47 6 

46H 

32 1 


882 

32 

1 46.9 

47 

319 

nH 

85 7 

32J^ 

46.2 

47H 

31 6 


834 

, 33 

4S;> 

48 


18H 1 

81 I 

! 33H 

1 44 8 

48H 

309 

19 

79 0 

34 

44 1 

49 


19H 

76.9 


1 434 

49H 

304 

:o i 

75 0 

wm 

i 

50 
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the t\a\es o£ the electrocardiogram arc not produced by the actual muscle 
contraction but arc the result of some process m the muscles Uiat precedes 
and in some way prepares the muscles for contraction. This somcuhat 
hyj)othetical process is referred to as the excitation svavc or process. This 
view has never been entirely abandoned but Eimhoven<J did grc*ail) 
reduce die time interval between die electrical and mechanical events b> 
more refined instruments. 

Note: The normal and abnormal features of piccordial leads are 
discussed together on pages C30 and 631. 

IV. ABNORMALITIES AND VARIATION OF THE INDIVIDUAL 
WAVES IN THE LIMB LEADS AND 
CERTAIN TIME INTERVALS 

A. The P Waves: (a) Decrease tn amplitude of the P wave is 
observed in coses of vagal stimulation, e.g, after carotid sinus pressure, 
as a result of digitalis and spontaneously, especially in Lead HI, during 
slowing of the heart at the end of expiration. At times, it occurs without 
reason m hearts dial arc ap|)arendy normal. In some or all of these 
circumstances, it may be due to the shifting of die pacemaker from the 
head to die tail of the sinoauncular node. Decrease in amplitude has 
also been observed in hypothyroidism and myxedema, and wc liave 
obsened diis in cases of auricular dilatation and hypodynamic states of 
die auricle. 

^Vl»lc the cliaiige may at limes result from disease, actually the finding 
has hide or no practical value 

(6) Increase m ampUlude of the P *iave. This occurs in some but by 
no means all cases of auricular disease, jurticularly in mitral stenosis, in 
such Cases die P wave is usually notched and its base broadened. Increase 
in amplitude without widening of the auricular complex occasionally is 
seen in hypertensive hearts and as a result of loxemn. Tins sign is not 
of great value. Tills is so because it is dilTicult to know where die normal 
ends and the abnormal begins. 

(c) luverstoti of the P Wave: One of the factors that determines die 
shape of a uave is the direction the contraction process follous dirougii 
the muscle. When die impulse arises in the sino.iuricular node and 
follows the Usual dirccdon dirougli the auricular muscle, the resulting 
P wave is upright. When the origin of die impulse is definitely .away 
from the sinoauricular node, die course followed through the auricuhr 
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muscle IS an abnormal one, and the resulting P irave is inverted or at 
least differently shaped from the normal P uave Since an abnormal or 
ectopic site of origin of tlie impulse is the essential feature of such dis 
turbances as auricular extrasystoles, auricular paroxysmal tachycardia and 
A V nodal rhytlim (Figs 14£ and igA and C) imersion of the P uave 
IS usual in these arrhythmias It is also present in tlie rare instance of 



Figure 3 Notched P \ a%es The P ua»cs >n Lead 1 arc markedly notciicd and the r 
base IS quite broadened. Such P s-aves are almost at%\a)s a result oC rheumatic disease of 
the aunmlar muscle 

retrograde beats uhere aentricular impulses are transmitted backward 
through the junctional structures to reach the auricles 

While inverted P waves always suggest and usually result from an 
ectopic origin of die impulse it must be remembered that there are 
exceptions Inversion of the P waves in Lead III is common and has no 
significance (Fig 2 C) Occasionally it occurs in Lead II and even m 
Lead I uiUiout any demonstrable cardiac abnormality 'Wlien it results 
from an ectopic origin tins diange will be accompanied by some irregu 
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lant) as m auricular extras^stoles or by some change m the rate as m 
auricular paroxysmal tachycardia and nodal rhythm 

The cliange is tlieiefore o£ considerable significance usually but at 
times may ha\e no practical meaning The lattei is iluays tlie case tvhen 
the change is confined to Lead III 

(d) Notching of the P uave o£ slight or modente degree is a sign 
usually thought to be of no great iitiportance since it is said to frequently 
occur in nondiseased hearts Notching 111 Lead III ilone is undoubtedly 
seen frequently ruth normal hearts and iherefoie of no significance The 
same is true to a lesser extent when the change is present m Lead 11 
alone or in Leads 1 / and III It hen the P i ne of Leal I ts lefinitely 
and unmistakably notched auricular muscle disease ts nearly ahiays 
present (Fig 3) Tlie most hequent cause of tiie latter is tlie acute 
myocardial invoUemcnt of rheumatic lexer or the later chionic stage 
Less commonly notching develops 111 li»>eriens)\e arteriosclerotic and 
luetic heart disease and occasionally is produced by die toxic effects of 
digitalis and quitudinc sulfate 

(e) Absence of P aves Unquestionably die commonest condition 
causing absence of P waxes is auricular fibrillauon wliere these waxes 
are replaced by small oscillauoiis referred to as £ waxes which occur at 
the rale of from 400 to Goo j>er minute (Fig 17) In a closely allied 
condition auricular flutter there are no P waves sinttly speaking but a 
senes of regular fairly large oscillations occurring at a rate of From 2'’o 
to 370 per minute In AV nodal rliythm arising in die middle portion 
of die AV node die P xsaxe is not seen but of course is not absent as it 
occurs synchronously xMth and is ihercfore hidden by the Q R S complex 
(Fig 19 B) In intraaunctilar block and auricular standstill die P 
waves are also absent die former has been reported as a toxic quinidine 
elfect and the latter has been obserxctl during syncopal and Stokes \dams 
seizures Neitiier condition is common 

B Abnonnalities of the P R Interval The P R interval is meas- 
ured from the beginning of the upstroke of the P wave to the begnmmg 
of die Q wave it normally varies from o is to o 18 second Values above 
0 30 uid below 008 are considered abnormal ^Vhcn die PR interval 
exceeds o 20 of a second die earliest grade of V heart block is present 
(Fig i8/I) 
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The P-R iiiierval is shoncned in cases of upper nodal rhjthm and 
nodal e\ira5>stolcs (Fig. 19). Jt is also shoricncd in the presence of a 
recently described rh>tlun consisting of short P R iniersals rvitli pro- 
longed Q-R-S complexes occurring in httaUl>> >oung people prone lo 
paro\)sinal tach>cardiai 2 . 13 (pig. j). It may appear 10 be shortened 
at times nhen the auricles and \eiuriclcs are beating independently as 
in complete A*V block and \entricular escape. This is of course not a 
true slioncning of the P R intenal. In these instances the occasional 



Fici KE 1 Sh<irt i' R iiitm'ali uiih uiJcncd Q R 5 rom]>1cxis Tim coniluiniinn o( 
riniliiii;« iiul \cr> <omirion l>ui ii> 3|>|>aicnt)> cniircly hcallliy iiicli\i(luaU 

\unaiUr paro)i}5mal ladiiardia u a %cry (rc<|ucni accompanifflcni 


close pro'timity of Uic P naic and the Q R S complex, is entirely acci 
dental; it docs not control and is not related to the QRS roniplex 
ulucli CoUoiss. 

C. Abnormalities of the Q-R-S Complexes: (a) Prominent Q 
xiaves: The Q ua\c, if present in Lead 1, usually measures 1 to 3 mm. 
\ii increase in amplitude of the Q iva\e to j or 5 mm. iviUi a railier tall 
Q-RS complex is observed in some cases of hypertension nidi left xen- 
iriciilar liyjicrtrophy An increase in amplitude of Qj ciUier absolute or 
relatively in proportion to the height of the R wave is frequently observed 
in an acme anieiior mv<x:ardial infarction (Qj Tj type) which involves 
the anterior portion of the interventricular septum This vvave may 
remain pennancnily (Fig 

A Q v\ave in Lead III may be observed in eninely normal individuals 
whose diaphragms are elevated It is fretjiiciuly produced by this mecli 
anism as a transient event m pregnancy. Since moderate degrees of right 
axis deviauon are sometimes present in nortnal hearts, small Q waves 
in Lead III present in tins association have no padiologic signiGcance 
(Fig 2 C ) . W'hen Q waves are present with undiscased hearts, this wave 
usually does not exceed 25 per cent of tlie amplitude of the ventricular 
complcxH and is usually materially deaeased or made to disappear 
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entirely by deep inspiration. A Q wave c\ceeding the amplitude of the 
Q-R'S complev in Lead III by 25 per cent or more (except in right axis 
de\iaiion) is observed in the following conditions: In the acute stage 
of posteiior myocardial infarction (Q-j'Tjj type) (Fig 21) , in hyperien 
Sion, angina pectoris or coronary artery disease 15 In cases of infarction 
it is believed to be due to involvement of the posterior poition of the 
mieuenljirulai sepiiiin.iR In die latter, it is often associated ivitli a 



FirtRE > I’romiiiLiit Q waves ivoi asvooaicd with acute coroiiarv occlusion In I ilic 
Q waves of Lead 1 ate qiiiic jirommeiu In B the Q vvaves ot Leads II and III uc 
proimnnit Such Q vvavo arc ftcquenily a manifestation of severe myocardial disca'c 
111 I>oth C.IVCS illustrated, the history sug;;cMs that there may have been an acute curniiarv 
occlUMOn at some time m ilic past The Q waves m both instances are permanent changes 

prominent Q wave in Lead II and definite abnorniahiy of the T waves 
and ST segments m Leads If and Iff, in die stage of acute infaiction 
the S T segment is elevated, later the T wave becomes inveried and wait 
healing often becomes ujinght. While it often persists (Fig 5 d) , a 
prominent and Qn often diiniiiishcs and may entirely disappear with 
healing of the infaict 

(6) Abuorriinlitics in anifjlitude of the Q R-S com/ifcvey* 1 . Incri Astn 
AMi’Lirt-Di : Inci cased height of the QR-S tomplexes in an upiighi dnti 
♦'on may not he of gicat consequence unless it is considerable Maikctlly 
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Tile PR interval is shortened in cases of upper nodal rh)thni and 
nodal extrasjstoles (Fig. ig) Jt is also shortened in die presence of a 
lecemiy described rhythm consisting of short PR intervals vvidi pro 
longed QRS complexes occurring in healthy young people prone to 
paroxysmal tachycardiai2. i3 (fig 4). Jt may appear to be sliouenetl 
at times when die auricles and ventricles are beating independently as 
lu complete A*V block and ventricular escape. This is of course not a 
true shortening of die P R interval. In these instances the occasional 
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Frciu i Short 1 ’ R (ii(cna(> uith loilciieil <) R S it»npR\c5 This comhiiuiioii of 
riii(liii..v IS not 'tn cuiniiiou Ihk is sccit in -iiipjct-ntJ} emirtl) linllli) iiidiii(Iii-ils 
Viincuhr paro\}sm3] iach)<ardia u a ver) frequent auocDpaniment 


flose provimny of the P nave and the Q*R S complex is endrel) acci 
dental. It does not control and is not lehied to the QRS complex 
which follows 

C. Abnormalities of the Q-R-S Complexes: (a) Prominent Q 
staves The Q wave, if present in Lead I, usually measures 1 to 3 mm. 
All increase in amplitude of the Q wave to j or 5 mm. with a mdier taW 
QRS complex is observed ui some cases of hypertension widi left ven 
trtcular hypertrophy An increase iii amplitude of Q^ either .absolute 01 
relatively in proportion to the height of die R wave is frequently observed 
111 an acute anterior myocardial infarction (Qj Tj^ t>P^) which involves 
tlie anterior portion of the interventricular septum This wave mij 
remain peniianently (Fig 5/!) 

A Q wave m Lead III may be observed in entirely normal individuals 
whose diaphragms are elevated It is frequently produced by das nicch 
aiiism as a transient event m pregnancy Since moderate degrees of right 
axis deviation are sometimes present m normal hearts, small Q waves 
in Lead III present in this assoaauon have no pathologic significance 
(Fig 2 C) When Q waves are present with uiidiseased hearts, tins wave 
usually does not exceed 25 per cent of the amplitude of the ventricular 
complevl i and is usually matcnally decreased or made to disappear 
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cuiirel) b> deep inspu-ation \ Q wave CNCcedjng die ampJjiudc of the 
Q R S complex ni Lead III bv per cent or more (except m right axis 
devnuon) js obserted in the folluning conditions In the acute suigc 
of j ositiior m^otaidial mhruion (QtT,t^pc) (li^ *’}) in Inperten 
Sion aiioiin pccions or coronary aricr) disease In eases of infarction 
It IS behcictl to he due to intohenicnt of the posterior portion of the 
tmcneniricuhi scpuini In the latter it is often associiicd SMth a 



F- < RL j 1 1 c I O jvc» f>l a <4>uaic«l li ic c n u ar (Xfl n 1 lie 

<a 4 of Lead I arc qu c ] lo c 1)0 I e 'a n ot Lead) 11 an 1 III a 

I r u c 1 Su(J Q Ha n ajc frequr iJ) a na fotat t of )r\oic luv >ca t al d 

I Ik* I ta»cs Ilu raU I il c I toiy » ^’oJs I at il etc nay ha>c bcci a an c i rt a 
occt u aisunci c n tt c ] asl II cQ atn but ta cn arc {Krin anc t lj c 

prominent Q wise in lead II and dernme abnormahi> of the 1 i lacs 
md S r segments m Leads II and III in the stij^c of acute infaictioii 
the S r segment is clesated later the T \sasc becomes inverted and uitli 
he ding often becomes upri^jlit ^\hllc it often persists (Fig jli) i 
prominent and often diminishes and nn> cmnely disapjicar witli 
he ihn^ of liic infarct 

(h) ihii mnlittn lit im/ liJude of tin Q liS complexes i Iscm vsin 
wii I ire 111- Intreased liei^hi t f ilie Q RS t iinplcxes in an iijm^ht duet 
* on ma> not be of gu it consequence unless it is cansidcriblt M nle-<lJy 
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high amplitudes in certain leads are observed in the presence of left 
ventricular hypertrophy, usually' associated tvith hypertension. 

2 . Lou’ amplitude: Decreased height of the ventricular complexes is 
often of significance. Abnormally lov» amplitude is said to exist tvhen 
the height of tlie ventricular complexes is no more tJian j mm. in either 
of the three customaiy limb leads (Fig. 6). It is of no significance when 



Fici-'u: 6 Lotv anipliiudc of the Q R S complex In both A and S, the Q R S corn* 
plexa are low in all indiicrt leads Tlie patient, illusiratcU in A, had marked edema, 
which probabl) contributed the tow amplitude. The patient, illusuatrd in B, had no 
sinking edema. Note that with low amplitude ol the sentneubr complexes in tlic limb 
leads, die amplitude in the chest lead ma) be either nonnai or diimnished, depending on 
the canluc condition dui is present. 

low amplitude is piesent in one lead only (Fig zD). Tlie iinjx)riancc 
of low amplitude ni all leads must be regarded as eijuivocal since it not 
infrequently exists in at least moderate degrees, in jversons vriih normal 
hearts, espeaally when there is accompanying obesity. Gcnei-ally, hoi»’- 
ever, this change is assoaalcd vsiili and is a result of some forms of cardiac 
abnormality. Its usual cause is myocardial failure actoiiqxmictl by edema, 
as a result of whidi die heart current is widely dissipated and less voltage 
reaches die string of the galvanometer. Low amplitude also is seen at 
dmes in mvocardial disease vridiout much edema and is also associated 
occasionally with edema of noncardiac origiii.i7 ^Vhen lou .unphiudc 
curves are the result of cdem.i, the cliangc is often reversible, the normal 
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licLRE 7 Nuichiiig of (he Q R S uiiuplcx Xotcfaing is «>( no o^nifirancc mIicti eon 
fined co I^ad ]1I, ^ Ic- liaic tto xigmficiiKe tiiicit it oirun near Uie hsjtc line esni 
in Lead II or Ixad 1 Dtriiiue notduog at the apex of ihc \cntriaiUr totnplcxct as shu»n 
in C iironsly suggests m}ocitdiat disease In i>> the notihing in Lead I is nciihcr a( the 
base line not at liic a|>ek ITic siginfscancc of »uth imtthing is soniciiiucs unceitain 
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amplitude returning ^viUi the disappearance o£ die excessive dssue fluid. 
Other conditions in tvhich lou* amplitude complexes occur are raj-xedema 
and pericardial effusion. Abnormally low amplitude of die ventricular 
comjilexes (below 5 mm.) may be present in Lead II alone, in the 
presence of left or right axis deviation and in right and left bundle branch 
block- The change has no significance under these circumstances unless 
die low amplitude complex in Lead II is bizarre. Small bizarre complexes 
shaped like the letter M or W are usuall) seen in patients uith coronary 
disease and angina pcctoris.iS 

(c) Slurrtug aud notching of the Q;R-S complexes not accompanied 
by widening, are not abnormal or suggesiise of disease when confined 
to Lead III (Fig. 2 £) ; it may have no significance even ivhen it is 
present in Leads I and I! if it is located near the base line (Fig. y A) 
or if the amplitude of the Q-R-S complexes is diminished (Fig. 7 B) . 
Houever, if present near the apex of the QRS complexes in Leads I 
and II v>hen these complexes are at least moderately large, it is usually 
the result of some myocardial abnormality (Fig. 7 C) . Notching of the 
Q R-S complexes is of course, a common and almost essential feature of 
ventricular extrasystoles, iutraventncular and bundle branch block. In 
these conditions, houever, there is accomp-mying widening of the QRS 
complexes. 

(d) Alternation in amplitude of successive QR-S complexes without 
other changes in the complex (true electrical alternation) is quite rare 
witii normal heart rates Willi abnormally rapid rates (e.g., paroxysmal 
tachyc-irdia) the finding is not uncommon (Fig. 15). It may be associated 
with other manifestations of electrical alternation, e.g, alternation of 
the PR imervai or the height of the T wave. It may or may not be 
associated with mechanical alternation as manifested in the radial pulse. 

(<?) Widening of the Q-R-S complexes' Study of large numbers of 
tracings has shown lliat in the majority of normal individuals, the width 
of tlie QR-S complexes varies between 006 and 0.08 second, and that a 
width greater than o 10 second generally indicates some myocardial abnor- 
mality However, it is to be remembered that this small interval is some- 
times difficult to measure and may be increased by improper technic. 
Therefore one should be quite certain that real ivtilemng is present before 
any diagnosis ts made on this finding alone. Definite incre-ive in nidth 
of tlie Q'RS must indicate an asynchronous activation of the two ven- 
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tricles It IS present miinly m ventricular cxtras)stoles and in paroxysmal 
ventricular tachycirdii and in bundle branch block In the Jatter con 
dition, tlie ventricular complexes should be definitely widened It has 
been stated on sound grounds that the Q R*S complex is at least o 14 
second in duration in definite complete bundle branch block However 
lesser grades of widening (between o 10 and o 14 second) represent djs 
ease They may be produced by varying grades of intraventricular con 
duction defects by venuicular hypertrophy or by a combination of tliese 
factors True bundle branch block should not be diagnosed in the pres 
ence of a higli ventiicular rate rn vvluch case the widening may be due to 
fatigue in the sense that the diininshed lest period incident to the rapid 
rate brings into play a potential defect in Uie conduction system winch is 
quiescent so long as Uiere is sufficient time between contractions for rest 
and recovery In some instances bundle branch block mav result horn 
toxic factors or acute disease of the muscle and may be reversible as 
recovery or healing takes place 

The alterations in the Q R. S complexes occurring in ventricular extra 
systoles, ventricular tachycardia and ventricular fibnllaiion will be dis 
cussed vvitli tliese airliythmias 

1> The EJectncal Axj 5 Since iJm subject bas been fuJJy dneussed 
and illustrated in Chapter WVII we aie not showing illustrations of this 
disturbance The ventricular elccli ocardiogram is composite in die sense 
that It represents the superimposed electrical effects developed by both 
the right and left ventricles In a normal heart these effects are such 
that the R wave of the electrocardiogram is the conspicuous wave in all 
three leads and is taller in Lead II than in either Leads I or III Such 
an arrangement constitutes what LevvisO called a bicardiogram Not 
infrequently one encounteis patterns altogeUier different That in whicli 
the R wave is taller 111 Lead I than it is m Lead II while in Lead III 
the S wave is more conspicuous tlian the R wave has been called by Lewis 
a levocardiogram since this is tlie type of curve that is so frequently 
associated with left ventricular hypeitrophy and was thought by him to 
be the result of a preponderance of the electrical effects of the left ven 
tricles (Fig 8) A patiei n m winch the R w'ave is taller m I ead III than 
It 1$ m Lead II and in which the S wave is moie conspicuous in Lead I 
than the R wave for similar reasons, was designated by Lewis as a dextro 
43 
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cardiogram* (Fig. 9) . In order to discuss the factors tliat are resjjonsible 
for these djfferences in pattern, it is necessary to consider die electrical 
.ixis oC the heart Since this has been fully discussed 111 Cliaptci XXVII 
It will not be considered here at length. 

Suffice it to say that the electrical axis of the heart may be defined 
as die line along irliich the greatest electromotive foices are developed 



Tki-re 9 Right 3X15 dcvi4lii>n The iraong under < 15 fiom t ca'ie of mural steno 
sjs. That under J3 15 from a case of congenital jmlmonarv stenosis In the latter note the 
large amplitude of the sentricular complexes and iheir diphasic cliaracter in Lends I and 
III. This has been said to be characteristic of oaiigemtal disease acctjiiipaaucd b^ right 
ventticulac h)pemophy22 

at a given instance of time when the muscle is erueiing upon or icrovcr 
ing from tlie excitatoi) process This is, of course, rather complex since 
it is obvious dial m a spheiical body like die heart, the cliarge may be 
developed along mail) planes The direction can, houever, be iclated to 
one plane, the frontal plane of the chest, and calculated from dau 
obtained from the three leads of the electrocaidiogiam 


•Tlic terms lesocardiograin and dcxirocanliogram are used purely ui a dcstiipinc scnNC 
Wc are using them as Lewis originally meant them Irccausc the) arc more familiar in that 
sense 
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Tile position of tlie electrical axis determines the shape of tlic \en- 
triciilar complexes in the three leads. Normally it points dounuard and 
slightly to the left, forming an angle of 70® (on die average) with a line 
drawn through the shoulders (the base of Einthoven's triangle) . When 
tin's is die case, die Q-R-S complexes in die direc leads take the fonn of 
uhat Lewis described as a bicardiogram, ^Vhen the axis is deviated 
counterclockwise to the left until it points above a line drawn through 
the siiouldcrs, die ventricular complexes in the tiirce leads assume the 
cliaracteristics of Lewis’ Icvocardiogram. \Vhcn the axis is deviated 
clockwise from its nonnal 70® to the right until it forms an angle of more 
than go® with a line drawn (hioiigh the shoulders, the ventricular com- 
plexes assume the conngiiraiion of a dcxirocardiogram as described by 
Lewis. 

(a) Lejt axis deviation is observed in the following conditions* 

1. Left ventricular h)pcriropliy Is the commonest cause of the left axis 
deviation. In nonnal hearts, die left ventricle wciglu is, on an average, 1 8 
times that of (he right vciunclc. This relationship is disturbed in any condi- 
tion tending to cause left ventricular strain and conseijuviu hypcrtroph>, e.g, 
hypertension, aortic insufHacncy and aortic stenosis. The increase m the rcla 
live weight of the left ventricle produces a left axis deviation. The electro- 
cardiogram in this condition shows a tall R in Lead I with Hide or no St and 
a deep S with htde or no R in Lead III. 

2 In anterior myocardial infarction, a left axis deviation is often produced 
early, even in the absence of obvious left ventricular liypertrophy. This is 
probably the result of a preponderant spread of the excitation wave to odier 
jxiriions of the left ventricle as die lesult of the infarction of die anterior 
wall. In sucli cases, a small R wave is present in Lead I and a deep S wave 
in Lead III 

3. A transverse position of die heart due to a high diaphragm or during 
a deep expiration may result in a left axis deviation, but die degree of this 
type of xxis deviation is never marked. 

4. Shifting of the heart on its vertical axis towaid die right This may 
result from various pathologic conditions in the chest and in some instances 
may be produced by having die patient lie on the right side. 

5. In left bundle brandi block (common type) .• The Q R S complexes 
vvdl be widened. 

• In of the recent HorX omcerTiing the $ite of bunUIc branch block, the old theories 
of Its production as originally suggested by Lewis, must be rcMScd The suggeuion is made 
by WiIsonM that the nresenre of a left avis ilesiatioii »« the coenmon f)f>e of bundle braiifU 
block and nglu axis deviaiioii m the larc i)pc of hondle brandi block is due lo tiic 
tjon of tlie electrical forces betueen the intenenmcular septum and free wall of ilie ic« 
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6 In right ventncular premature contracuons 20 and in \enincular extra 
systoles arising near the base of the heart Uiere mil be accompanying -widen 
ing of the Q R S complexes 

7 In some cases particularlyr in small hearts weighing less than 250 
Gm no obsious cause for the axis dcsiation can be ascertained 

1 Significance of Deep S Waves in Lead U with Left Axis 
Deviation A deep S t\a\e m Lead II that is much greater m amplitude 
than the preceding R ivive is associated with an abnormal type of left 
axis dcMation and is a sign of considenble importance (Fig 8 C) It is 
obser\ed in the following conditions In myocardial disease iiuolving the 
left \entricle it has been seen particularly in cases of anterior myocardial 
infarcuon during the acute and healed stage m hypertension aortic 
msuniaency angina pectoris and arteriosclerotic heart disease "S This 
finding u of some significance though ihe electrocardiogram may be 
otherwise normal 

(h) Right axis deviation is observed in the follotvmg conditions 

1 A slight grade of right axis deviation is normally present m tlic first 
few months of life and may persist nico early adult life (Fig 2 I) 

2 Right sentricular liyperirophy is the commonest cause of right inis 
deviation It u produced by anv factor that produces a strain and consequent 
relative hypertrophy of the right veniwde, MiiraJ sienosis is ihe most nnpor 
lant cause It is also seen in right ventricular liyperirophy bv ocaimng in 
congenital heart disease Other condiiions tending to produce right venincu 
lar hypertrophy and consequent right axis deviation are chronic pulmonary 
fibrosis emphysema multiple pulmonary infarcuon and pulmonary arterio- 
sclerosis 

3 Rarely right axw devmDcm is observed following anterior mvocardial 
infarction 

4 V vertical position of the heart may give rise to a slight grade of right 
axis deviation and it may be produced by deep inspiration but die degree is 
never marked 

0 Shifung of die heart on its vertical axis tov ard die left may occur con 
sequent upon various pathologic conditions in die chest This occurs fre 
quenily m the presence of mitral stenosis It may be produced m some 
instances by having the patient lie on the left side 

6 The Uncommon type of bundle brandi block (right) TheQRScom 
plexes will be widened 

7 In left ventricular premature beats there will also be widening of die 
Q R S complexes 
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8 In congenital dextrocardia tliere is a complete imersion of all the 
complexes m Lead I and an interchange of the usual I-eads II and III 

E Abnormalities of Q T Interval*- (a) Leu^lhemng of the (7 T 
lutcrvai LengUicning of tlie Q T interval is of considerable impornnce 
from tlie diagnostic and prognostic standpoint knowledge concerning 
Its significance Jias been arrived it only lecently Lengthening of tins 
interval IS observed in hypocalcemi'i (Fig loB) dining emergence from 
diabetic acidosis (Fig lo/f) m azoteun-i in alkalosis dunng hypogly 



TicvRS 10 l lolonjtiue V of ttic QT mtmal Tlic iracjn,t$ iinJer A ere obla ned 
from a patient miii d abet c aodos s The first strip wzs made shortly after emernnee 
from coma The second strip \ os obumed a t ed^ later JJ sho s sir ps of traungsTroni 
a pauent v^iih hypocalcemia The first sinp i a< made at the he eht of the d slurbance 
the sccoi d str p after the blood calaum had returned to a normal te\el 

cemic shock and in various types of myocardial disease (e g myocardial 
infarction toxic states in avitaminosis) and as a lesult of the action of 
certain drugs (qumidine) Tins lengthening is often reversible the 
normal QT is restored witli return of the diseased pioccss to normal 
(h) Shortening of the Q ^ intcnal is obseived in hyperpandiyroid 
ism and as a lesuli of tlie action of digitalis In the latter condition it is 
accompanied by characteristic depression of tlie S T interval 

F Abnormalities of the T Wave (a) Variation in Amplitude 
The T wave is increased in amplitude following exercise occasionally 
in thyTOtoxicosis m bundle branch block and in ventricular extrasystoles 
Dunng the subacute stage of myocaidial infaiclion and in patienis with 
severe anginal seizures the amplitude of tiie T wave particularly in tlic 
chest leads may be considerably increased Tins is of practical diag 
uostic import 


•See table I p 611 for normal Q T values 
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Decreise in amplitude of the T t\a\c below 2 mm in Leads I and II 
uith normal amplitude of Q R-S is usually due to mjocardial derange 
ment (Fig 8 C) It is to be remembered that digitalis and to\ic states 
as uell as disease of the heart can produce this change In h>poth)roid 
ism and m^otedema as isell -is generalized edema not only are die T ua\es 
low but decrease in amplitude of the QR5 completes is also present 
It IS to be remembered also that a low amplitude T wase associated with 
a low QRS complex is sometimes observed in patients wiUi dropped or 
ptotic hearts which are e$seiuiall> normal Moderate lo eriug of the 
r uaves should be intcipreted carefully and conscnattiely 

Isoelectric or flat F waves are due to fictors similar to diose men 
iioned under decreased amplitude 

(6) Diphasic T uaves refers to a conOguraiion in which part of the 
T wave is inverted and part upright In some instances the first portion 
IS inverted while the tenninal pait of the T wave is upright In other 
instances the first part is upright and the teiminal portion inverted 
Diphasic T waves generally represent a stage between normall) upriglit 
T waves and completely inverted waves Diphasic T waves therefore 
have in somevvhat lesser degree the same significance that ipplies to 
inverted waves 

The term diphasic is often loosely applied to a configuration in which 
the T v\ave proper is entirely uptight but die ST line is depressed 
Such a pattern may be produced by digitabsS^ or by acute myocardial 
infarction as well as odier factors It is better to refer to this configura 
lion as deviation of the S T segment 

(c) Notching of the T Waves These waves are as a rule rounded 
and smoodi Not infrequently dicy may appear to be notched as a result 
of a superimposed P wave as sometimes occurs in paroxysmal tachycardia 
and AV heart block Occasionally the T waves are genuinely notched 
It has been recently suggested that dus results from a pronounced U wave 
whicli closely follows die T wave 2 ^ 

(d) Inverted T Maves At least three types of T wave inversions 
may be described 

1 The Coved T ^Vave When typical tlie ST line preceding die 
inverted T wave is markedly convex upward and usually rises above the 
base line As shown by Pardee 24 u usually is present in acute or sub 
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acute myocardial infarction (Fig. z2By. Houever, it is seen occasionally 
in other conditions. 

2. The Be/\ked T Wave: The ST line rises slowly and may be 
slightly co\ed. At the \ery end, it dips dowinvard suddenly, making the 
last portion of the T wave inverted. This type of inversion lias the same 
significance that is attached to the other types of inversion, in the sense 
that it IS associated tv’iili severe myocardial derangement. We have seen 
It particularly in die subacute and acute stage of myocardial infarction, 
in severe luetic heart disease, in die subacute stage of pericarditis and 
in patients emerging from diabetic acidosis.^s 

3 . The Usual Inverteu T Wave of Mvocardial Disease: While 
tliese waves may vary greatly in die depth of inversion, etc, Uiey have 
this constant characteristic: The S T s^ment and descending hmb of 
the T wave is always concave upward to some extent. The latter may 
be slight or it may be marked and at least approach real coving. Gem 
erally, diis variety of T wave is the result of severe and permanent 
myocardial change. Occasionally they may be the result of remediable 
causes such as myxedema, avttanunosis, acidosis, eti and. dierefore, may 
be reversible (Fig. 7 C) . 

Tlie first two types of inverted T’s may be considered to be “T waves 
in flux," L e., diey are due to conditions that are rapidly clianging and are 
rarely observed for more than a few weeks or mondis. The third type, 
die myocardial T w-ave, may be a pemiaiieut event since it usually results 
from forms of myocardial disease that are not likely to improve. 

Regardless of die types, inversion of die T waves in Lead I or Leads I 
and II is always an indication of serious myocardial disease or serious 
myocardial derangement. Inversion in Lead II is due, perhaps, usually 
to myocardial disease. However, not infrequently it is seen in hearts 
dial present no clinical evidence of myocardial disease. Jt therefore does 
not wariant a diagnosis of myocardial disease unless there is somediing 
in the examination to confiira its importance. 

G. Deviation of the S-T Segment:* A single contraction of a nor- 
mal muscle produces an electrocardiogram which consists of two distinct 
pordons; hence it is diphasic. In the case of the ventricles of the human 
heart, the first phase is the Q-R-S complex: die second phase is the 

•Actually small doiauons of ibe S-T segment are not significant; they may occur m 
nonnal hearts To be suggestive, by ilsdf. the deviation must be more llian 2 mm. 
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T ^va\e The mtervil sepiraiing these tuo phases is called the ST line 
01 R T segment In a strictly diphasic curve it is essential tliat the S T 
line arise from the S iva\e at the base or isoelectric line ^Vheii tins is 
not the case and the S T line comes off definitely abo\e or below the iso 
electric line, the S T segment is said to be deviated This results in an 
electrocardiogram that at least tends to be monophasic 

MouoJjhasic type cxirves, that is to say curves in which the S T line 
IS definitely deviated^ are among the most important findings revealed by 
the clectrocatdtogram for the reason that monophasic curves aie the 



FtctKE 11 U \ I'cs These are usually comidcreci lo be of no s gniTicaiicc 


lesult of currents of injury, which in turn aie produced in the human 
heart chiefly by coronary occlusion The recognition of monophasic 
curses is the essence of the electrocardiographic diagnosis of coronal) 
occlusion, the field in which this graphic method is at its bnllnnt best 

One also encounters ST deviations in other conditions It may be 
prominent in pericarditis where a probably results from accompanying 
muscle injury It is also produced by digitalis and in certain t)pes of 
anoxn the mechriiism of its production in these conditions is not so 
clear 

H U Waves The U wave is an tipuard peak occurring ^fter tJic 
T wave, often observed in normal tracings (Fig ii) "We did not 
describe it is i part of the normal electiocardiogram since it is not a 
constant feature It usually is considered to occur during ventricular 
diastole However EitithoveiiCS of the opinion that this wive zndi 
cites persistence of conirictioii m some fibers into early diisiole The 
U wave has an amplitude usually of i 5 mm begins 004 second after 
the end of tlie T and continues for o iG to o 2| second with an average 
duration of o 20 second No significance has been attached to die vvaive 
Rerenil), however, Naluim and Hoff2i have suggested that the wave 
is part of ilu. venincul 11 coniplcK, is piiMluced dining s)sii)l<. and icpu 
sents the supernormal period of recover) This is a short period iinmcdi 
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ately follouing rcco\cry from electrical cvcitaiion ulicn ihe \cmriclc is 
most susceptible to ectopic beats. They believe that Uic majority of 
extras)stolcs fall on the U ua\c or the j>art of the c>clc uhcie it occurs. 
They found inversion of the U nave or fusion of the U vvavc with the 
T wave only in pnieiUs with datnaged hearts. 

V, PRECOKDIAL LEADS 

Prccoidial leads arc now used routinely, in addition to limb leads, 
in many conditions The) arc of patticular value in the diagnosis of 



FiciM 12 Normal limb amt <licu IcatU In I. all ihe ibrcc ni^iomary limb Ica.N 
arc rhowiu In D, ihtce dial lead* arc Ai a rule, all ot ihe iiumcrou* <li«i 

lead* are noi made routincl) The ihrcc illuuraicd tene nlteJ) for routine i>uti*Q«s 


coronar> occlusion, pericarditis, digitalis cffccis and various i)i>cs of 
m)Ocardial disease, particularly involving the left ventricle. The pic 
cordial leads differ normally vsiiliin rather wide hmiis. The variaiion 
ilcpends upon the configuration of the heart, its jxisition, and the place- 
ment of the prerordial electrode. In comiiaring iliifcrcnt tracings on tlie 
same patient, it is nii|>ortant that this electrode be placed in the niiiic 
p.>siiiun 

A. THE NORMAL PRECORDIAL LEADS* 

^VlLh the exploring electrode placed at the ajicx (IVr or IVn), the 
prccurdial leads m norm.il hearts sliow an initial upward dcllctiion 

• Refer to i> OOj for chai lead iiomnwlatuie 
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(Rwa\e) folloucd by a doivnuajd deflection (S wave) These are often 
of about equal amplitude tlie R i\a\e should be above 4 to 5 mm in 
height (Fig 12) If the R wave is absent or very small 1 to 2 mm it 
js indicative of some abnormality 

The QRS is usually slightly wider in precoidnl than in limb leads 
It may approach o !•> second in widih Shunng ma^ occasionally occur 
in die presence of normal hearts Tlie T iraves are upright m adults 
occasionally they may be diphasic In children they may be inverted 
R S T deviations uji to 2 mm may be normal 

CFiv closely resembles IVp in Crin ihe R wave is smaller than in 
CFiv and the S wave laiger at times no R wave is present In CFv the 
R wave is larger the S wave smaller than m CFiv the S wave is frequently 
absent in Lead CFv Characteristic cJiest leads (CFtii CFiv CFv) aie 
shown in Fig 12 

6 ABNORMALITIES IN THE PRECORDIAL LEADS 
The initial upisaul deneciion (R wave) is absent in 1\ p in the acute 
and usually in chronic stages of aiuenor myocardial infaiction It is 
small (1 to mm ) and is sometimes entirely absent in seveic myocardial 
disease (other than actual coronaiy occlusion) involving die left ven 
tncle € g hypertension luetic Iieart disease in dilatation of die left 
ventricle in marked right axis deviauon and m left bundle branch block 
The T A\ave may be imeited in IVp in the presence of myocardial 
disease It closely muiors die direction of the T wave of Lead I An 
inverted T v\ave in Lead IVp may be the only electrocardiographic abnor 
mality noted m the tracing in patients with angina pectoris 

Diphasic T v\aves are to be interpieted with caution They may 
occur m normal hearts 

Deviation of the ST segment about 3 ram is usually abnormal Its 
significance is discussed under other headings 

^Vhlle most cases with antenor myocaidial infarction show the most 
marked changes when the antenor electrode is placed at the apex (IVp) 
m some the most marked change occurs when the prccordial electiode 
IS placed halfvsay between the sternum and left mid clavicular area 
fCF i) In posterioi and in left lateral infarcaon the most striking 
R S T inieival deviations m chest leads arc seen as a rule wlien the pie 
cordial electrode is placed in the antenor axillary line (CFr) 
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VI. THE ARRHYTHMIAS 

Before discussing the arrhythmias, ^%e uould like brielly to refer to 
some of tJie important featuies of the normal cardiac mechanism. 

A. THE NORMAL MECHANISM 

All portions of the heart muscle, including tlie nodes and specialized 
conducting tissue, possess certain fundamental properties. \VhiIe iliesc 
properties are common to all heart muscle, certain propcities are moie 
Iiighly deseloped in certain parts of the muscle than in others. 

For example, excitability and rh)thmicity are more higlily dc\ eloped 
in the muscle fibers that constitute the sinoauricular node. Foi this 
leason this structure is die normal pacemaker of die heart, svidi a norm.d 
mechanism impulses arise in this structure quite regularly and at a rate 
usually between 6o and 120 per minute. From the sinoauricular node, 
the impulse spreads radially through the auricular muscle at a rate of 
approximately 1000 mm per second, and in doing so, produces the P wave 
of the electrocardiogram. The impulse then enters die A-V node. This 
muscle, like ocher cardiac muscle, possesses the common fundamciiul 
properties but is specialized in that its refractory period is long and its 
ability to conduct, poor (only 200 mm. per second) . Most of the P-R 
interval is occupied by tlie passage of the impulse through the A*V nude 
and main bundle of His Having passed these structures, the impulse 
enters the branches of His bundle and the Purkinje fibcis where ns 
passage is rapid (4000 mm per second) since the ability to conduct is 
\ery highly developed iii dicse structures. The impulse then enters the 
muscle of the ventricles whicJi contracts. Once contraction is completed, 
the muscle returns to and rcinaim in a resting slate until another impulse 
IS generated. 

Among the imi>ortant features of a noimal mechanism, therefore, are: 

I Regularity of the formation of sinus impulses and die resulting F 
ua\e. The P wases are upright. 

2. A rate that is within die normal range (between 60 and 120, approxi- 
mately) . 

3. Every P wate is followed by a xentnailar rcsjwnse. 

4. E\ery ventricular complex is preceded by and vmH be a rts|X)nsc to 
a P wave 

5 1 he P R mlcnal is between 0 08 and 0 20 second. 

0 -IliL' Haclu. Ijolli >i.nmcl« siniullancmisi) ajiil llic QRS 

complexes are of nonnal duration 
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\V'hen any o£ these features are departed from, the mechanism is no 
longer normal. Such a departure constitutes a cardiac arrhythmia. 

B. CLASSIFICATION OF ARRHYTHMIAS 

The arrhythmias may be divided into four groups, according to the 
portion of the heart in which they arise. 

(a) Disturbances of Rhythm Originating in the Sinoauricular 
Node: Sinus arrliythmias, sinus bradycardia, sinoauricular heart block 
and prolonged grades of cardiac standstill. 

(b) Disturbances Originating in the Auricles: Auricular extrasys- 
toles, auricular paroxysmal tachycardia, auricular flutter, auricular fibril- 
lation and auricular standstill or intraauricnlar block. 

(c) Disturbances Originating in the A-V Node: A-V heart block 
(prolonged P-R inier\‘al, increasing grades of partial block and com- 
plete A-V block) , nodal rhythm (may be the result of abnormal function 
of S-A node), A-V dissociation, \enmcular escape, nodal extrasystoles 
and nodal paroxysmal tachycardia. 

(d) Disturbances Arising in the Ventricles: Ventricular extra- 
systoles, \entricular paroxysmal tachycardia, ventricular fibrillation and 
pulsus alternans. 

C. SINUS ARRHYTHMIA 

The usual type of sinus arrhythmia is characterized by a gradual 
waxing and waning of die cardiac rate which varies with the phases of 
respiration. The rate increases with inspiration due to a diminution in 
vagal effects and decreases with expiration as a result of increased vagal 
action. This type is usually seen in young individuals in whom it is 
physiologic (Fig. 13/!). Another type of sinus arrhytlimia is observed 
in which this irregularity occurs independently of respiration. This 
form is often a result of toxic digitalis effects. 

The impulse originates in the normal pacemaker and is transmitted 
normally tlirough the heart. The only electrocardiographic change is the 
variation in time between successive auricular (P) waves. Tins irregu- 
larity is abolished by any factor tliat increases the heart rate, e.g., exer- 
cise, emotion or atropine. Its presence carries with it no definite patho- 
logic significance. However, in older patients it is said to be associated 
with arteriosclerotic process in the heart muscle. 
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D SINUS BRADYCARDIA 

This IS characterized by a low sinus rate 40 to 50 per minute No 
oUier abnonnahties are noted (Eig 13 5 ) Although occasionally ob 
served in young individuals with excessive vagal tone it is more fiequently 
observed in older patients with varying degrees of arteriosclerosis The 
sinus rate can usinhy be increased by atropine or other factors which 
diminish vagal tone 

E SINOAURICULAR HEART BLOCK 
This IS recognized in the electrocardiogiani by die fact tint die inter 
val between successive P waves is exactly or almost twice die ustid PP 
interval An auricular as well as its accompanying veiitncuhr complex 
IS lost (Fig 13 C) Several types of smoauncular block arc obseived 
(1) The irregularity nny be obseived for a few cycles (2) the rate may 
be suddenly halved dropping for example horn 75 to jfi pei minute 
die slow rate persisting for several iiunutes or more (3) this disturbance 
may be present for long periods of time and may be the undeilying 
mechanism for longcotitinued bndjcardia 

The mechanism of this inegulanty is poorly undeisiood It is appar 
endy associated with increased vagal tone and may be aboJjsJied by exer 
cise or atropine It carries vviih it no pathologic significance as a lule 
However in older patients it is often associated with aitenoscleiotic 
change in the latter type of patient it may also be pioduced by digitalis 
effects 

F PROLONGED SINUS PAUSES (Cardiac Standsttll) 

If for any leasoii the sinus node fails to initiate the cardiac impulse 
the A V node because it also possesses the pioperty of rhydiimuiy to a 
degree only slightly below dial of the S A node soon escapes and initiates 
die heartbeat slowly and rhytliniically until the S A node can again 
resume its function as pacemaker 

Ordinarily the A V node is prompt to assume its pacemaker function 
In certain instances however this may be delayed with the result that 
diere is complete cudnt standstill This may be of sullicieni diiraiion 
to produce dizziness or even syncopal attacks Tiiese pauses are die result 
of vagal effects whicli nny either occur spomaiieously as a result of reflex 
disturbances or be pioduced m susceptible mdividuds by caroud sinus 
pressure Sudi seizures can usually be abolished by airoptne or ephcdiine 
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G. AURICULAR EXTRASYSTOLES 

In auricular extras^stoles, Uie impulse arises prcmaiurely from au 
ectopic focus in the auricular muscle outside Uic sinus node. Hence they 
are frequently referred to as premature or ectopic beats. From its point 
of origin, the impulse travels to die otlicr portion of the auricular muscle 
and is then piopagated through the A-V node and ventricles in a normal 
manner. Since the impulse arises from a point outside of the sinus node, 
it will travel tlirough the auricle in an unusual direction; the P wave 
therefore possesses an abnormal contour. It may be splintered, notched, 
diphasic or inverted (Fig. 14 £) . The P-R interval is usually not short- 
ened. The further the ectopic focus is situated from the sinoauricular 
node, the more abnormal is the shape of tlie premature P wave. When, 
as is frequently Uie case, die ectopic focus is quite near the sinoauricular 
node, the premature P W’ave may be nearly or identically like the normal 
sinus P wave (Fig. i j, D and F) . The other electrocardiographic feature 
IS, as has been implied, tiie fact that the P waves occur picmatiuely. 

The pause following the auricular extnis>stoIc is usually not com- 
pensatory in the sense diat die interval between the normal beats inline- 
diatel) preceding and succeeding die extra$>$tole is identically die same 
as the interval between three normal beats. However, iliere frequentl) 
is some pause after (he premature beat. 

Almost alwajs an auricular extrasysiolc is followed by a ventricular 
response. Occasionally, the auricular wave occurs so prematurely that 
the ventricle will not have lecovered sufTicienUy to respond. Under these 
circumstances, one sees die very premature P wave without an accomp-my* 
mg ventricular response. Tlie Q-R-S complexes following the preimature 
P w.ive is usually of norm.-il contour since the shape of die ventricular 
waves is determined solely by the course of the impulse within the ven- 
tricles, which in no way is induenced by the site of origin of the impulse 
within die auricles. If, however, there is some |)Oieiuial defect in one 
of die branches of the His bundle, die diminished lest period induced 
by die premature beat may bring this defect into play widi the icsuU 
that the ventricular complex of die auricular extiasystole may be as 
widened and noidied as a ventricular extrasysiole. Auricular cxirasysiolcs 
may occur as isolated beats, coupled to normal beats or in scries of two 
or more. When six or eight of such beats occur in succession they con- 
stitute a short paroxysm of auriailar tacliycardia. 




Ficlre 14 £x(rai)scoIcs \ enincular Cklnts^stolcs are shouti m 4 il and C Thc^c 
complexes are of considerable amplKude are videned and are premature All of those 
shown are followed by compensatory pauses. In B, note that the sentricular cxtras)Stoles 
are accurately coupled to preceding normal beats In 0 note that two scntricular extra 
s)5toJer occur in rapid sequence 

Auncular cxtras)stolcs arc shown in 2> £ and F Note that the premature P wares 
are upright in D and F In £, an inrmed P ware u ^own In £ a premature P ware 
IS superimposed on the fourth T ware Thu pienuiute auricular brat occurs so early 
that the rentriclcs cannot respond to it. 
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The caiiic and significance of lunctilar cMrisystoles is often difficult 
to determine Tins disunlnncc is often obsened in normal Jieaiis On 
the other hind, diese jireimture bens ate frequently a result of disease 
of the auiiculaj muscle Tiiey ire not infteqneiuJj obsei ved in iheunijtic 
feicr other infectious and m hypertensue lud irtenosclerotic hearts 
rUe occuirtiice of cxlrasysioles is ihetefore not pathognomonic evidence 
of heait disease On the othei hand, it is sonieulnt suggcstite Their 
significance must be dctcrminctl by other studies 

H AURICULAR PAROXYSMAL TACHYCARDIA 
Paroxysmal aniicular tachycardia consists of a rapid succession of 
auiicular exlrisystolcs Flic rate during the paroxysm \anes approvi 
mately fiotii t yo to 2^0 per minute (Fig 15) 



I'lrcK^ I > \ur 1,1 ljr ( aux>M>ijl iicliyntiln The rate i) 'rin„ ific tli iuiti.ince u 
200 per mimitc Note (he end o( Uie parox}sm fulloucd by a po»tpaiox}»mal pause itiih 
iisiuration of nonnal rtiychcn Tlie iniiial qdcs of iioiinii rlfilhm sho\\s coupled auric 
iilar cxirasyttolca Nuic aI«o il e altcriiaiioii in ihe ai iplituuc of ilie scntricular tom 
picxes during the rapid rate Ltccuicat alternation 

TIic P nascs of the paioxysni show m abnormal form similar to that 
of an auricular extrasystole With very rapitl rates the P waves aie often 
superimposed on the T w ivc, making its recognition difficult or impos 
sible 'When this is so, the ceiiim ideiitificaiion of the disturbance can 
be made only if one secures the beginning 01 the ending of a paroxysm 
The Q R S complex is usually iioriinl in slnpe In some instances 
vvidening o£ the xentnculat cmwplexcs occuis, due to fatigue of live intra 
ventricular conducting mechanism incident to the Ingii rates and result 
mg diminished rest period Usually the ventricles respond regularly to 
every auricular impulse It is not difficult to see hovv tins might not be 
the case if there is any disease of Uie AV node or if this siiucture is 
strongly under the influence of digitalis It is not unusual to encounter 
some degree of A V iieart block with auiicular paroxysmal tachycardia 
The paroxysms of tachycardia may last fiom a few seconds to a few 
days They stait and end abruptly Tlierc may be a fairly long post 
paroxysmal pause between the ending of the paroxysm and the resump- 
tion of normal impulse formation by the sinus node The paroxysms cm 





£LECTROCARDIOGILr\PHY 


639 


be terminated m a large percentage of instances bj pressure over die 
carotid sinus 

No more is knoun concerning the cause of auricular paroxysmal 
tachycardia than of auricular extrasjstoles Hoiiei er, it is uiell established 
by cluneal observation that this disturbance ficquently (perhal^s usually) 
developes in individuals with no evidence of organic heait disease Often 
persons who have this disturbance for years live to old age wiiiiout 
developing any other evidence of cardiac disease 'While very little is 
known of the fundamental cause it is well established that the attacks 
are precipitated often by extracardiic factois paiticuHrly gistroinies 
uml disturbances and nervous or emotional influences 

I AURICULAR DISTURBANCES DEPENDENT ON 
A CIRCUS MOVEMENT 

(a) The Circus Movement * With i normal cardiac mechanism an 
impulse arising at a single puuu (the S \ node) spreads until it Ins 
involved the enure muscle W'lth die couipletiun of tlic contraction thus 
produced die muscle remains at rest until another impulse arises in the 
S A node and repents die process An entirely different type of niech 
inism known generally as the circus movement exists quite fiequcndv 
ill the abnormal heart and is responsible for two impoitnnt disturbances 
of rhythm Auricular fluttei and auricular fibrillation With a tiicus 
movement the impulse tint produces contraction becomes estabhslicd 
in a coniiiiuous circular ring of muscle Having once activated tlit hbeis 
of tins ring of muscle, the process does not end and await the genesis of 
another impulse The same impulse rc eiueis the muscle it has already 
traversed, thus producing a continuous progressive contraction of one 
segment of the fibers of die ring of muscie after anoliier This may 
conunue indefinitely piovided the muscle immediately in front of tlie 
forwaid moving crest of the wave has recovered from its refractory state 
Failure of this recovery will end die arcus movement the qunudme 
treitnient of auricular flutter and auricular fibrillation is based on the 
fact that this drug prolongs die lefractory state and dius tiuls die 
movement 20 

There is reason to believe that the rings of muscle in which a circus 
movement becomes established are around the mouihs of the venae cavae 

* Most of the data rclaiinj; to ilte cucus movement m auricular lluiier and filnillaii it 
Im been (aketi from the Moik of 
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Electncal clianges m this small nng of muscle uliicli Leuis 27 has called 
the mother circus could hardl) be expected to account for all the clianges 
seen iii die electrocardiogram According to Lewis conception what 
takes place m the mother circus is trammmed b> a centrifugal like acuon 
to die rest of the auricular muscle it is the electncal diam^es dcvclojjcd 
in the latter that produces the characteristic electrocardiographic changes 
of auricular flutter and fibrillation 

In both conditions the chief feature upon which the clccirocardio 
graphic diagnosis is based is a series of waves each produced b\ the 
complete iiuohemem of the muscle of die mother circus and the result 
ing acmaition of whole masses of auricular muscle These auricular waves 
are reall) continuous oscdlaiioiis since there is no isoelectric period 
between each deneciion The shadow of the galvanometer string is 
conslandy in nioiiou Tins is neecssanl) so since by die very nature of 
die circus movement the muscle of the auricle is never either entirely 
active or entirely inactive— some pontons are acuve while others are 
at resL 

While bodi flutter and fibrillation depend upon the same mechanism 
there arc differences which make the two conditions distinct The chief 
factor that produces these differences is the state of die refractoriness of 
the auricular muscle In flutter the muscle is in a much more completely 
recovered slate with the result dm the wave moves smoothly rapidly 
re<Tularly and can from cycle to cycle repeat the same course Hus 
produces auricular waves ihat are very regular in nine and sh ijx. In 
auricular fibrillation in contrast the muscle of the circus and the auiicle 
Itself is in a state of jiartial refracionucss vviili the result that the con 
traction wave moves more slowly and with difficulty and cannot always 
follow the same course or complete its circuit consistently m the same 
time interval Vs a result die waves arc irregular in tunc and not 
identical in shape 

Anodier fundamenial difference is the fact th it die conirolhng ring 
of muscle or modicr circus is lon„er in flutter than fibnlluion fliac 
fore in spite of the fact that the impulse travels quickly die long ciiciis 
makes the time required for its complete traversal longer In lluucr 
therefore the rate of the rcgulir oscillations is slower than die somewhat 
irregular oscillations of fibnllauon 
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(b) Auncular Flutter* Auncuhr flutter is not nearl) as common as 
auricular fibrillation In our hospital pneuce, ue have encountered it 
in approximately one out of every 200 pnttents It generally develops in 
patients with diseased hcaits Occasionally it is encountered lu indi 
viduals without apparent caiduc abiioriiiality 



FjrLBT Jfi Viinrubr iJiilicr < >hpns aunnilar fluucr wuh ill V V rcsjxJii^c 
Ejcli has a rate of SCO nir minute Sum U, obtainctl from the same paiiciu 1 (tw 
moments later sho»s a 2 I \ V res{>(>me Xltc auricular rate is sull 2G0 minute The 
scntncular rale is now 130 per rotnme C Vuricular flutter with 2 I A V icspoasc Tlie 
auncular rate is 2S0 per minute ilic scniricular rate HQ per minute li Auncular 
flutter with complete V V heart blocJi llic seuiricular rate is ic^Iar and slow (56 per 
minute) In all the illustrations note the regularity in the rate and the shape of ihc 
auricular wares 

rVs ue Invc indicated, die distinctive tlccirotaidiographic features arc 
the auncuhr oscillations These iic rarely seen plainly m Lead I but 
arc very distinct in Leads II ind HI While every oscilhiion is identically 
alike in any given Icatl, the shajic of the oscilhtions vary gieitly from 
patient to patient just is P waves do In diagnosing fltittei. it is essciitnl 
that these rlnraclcrislic oscillations be idciitifietl ind tint they be shown 
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to be cniircl) regular and at a nte bcti^ccn 220 and 370 per minute 
These auricular oscillations are quite evident rvith slou \cntricular rates 
“they are not always easily lecr^rizcd wub the usual rapid ventricular 
rates for the rapidly recurring Q R S and T complexes may considerably 
mask the small auricular waves It is necessary to visualize what the 
tracing would be like if the Q R S complexes were absent \s a rule tins 
IS not dilTicuIt to do flutter will rarely be missed elcctiocardiOprapliitally 
if It IS thought of (Fig 16) 

The ventricular respon e to ihe auricular impulses is of some impor 
lance flic V\ node can rarely transmit all of them to the vcntiick 
\s a rule the refractory jwriod of the \ V node allows it to transmit only 
every second auricular impulse At times even fewet auricular impulses 
pass the A \ node giving an V V ratio of 3 1 j 1 or even high ratios 
This IS usually the result either of some disease of the A V node or Uie 
action of digitalis Lnder the latter circumstance ilic A\ ratio some 
times vanes from cycle 10 cycle The latter introduces no difliculiy in 
the electrocardiographic recognition of flutter it may make considerable 
difference m a chmeal diagnosis 

Occasionally as a transient event the refractory period of the A\ 
node becomes so shortened that it transmits every auricular impulse 
Liider these arcuinsiances liie ventricle beats very rapidly wt have 
seen It reach a rate of ‘’60 per minute several times {Fig iG/ 1 ) In older 
individuals whose hearts are not too good unconsciousness or Stokes- 
Adams syndrome may result from such rapid rales 

1 Effects of Carotid Sinus Pressure The usual effect of carotid sinus 
pressure in auricular flutter is to produce 1 tenqxjrary A V heait block 
lasting a few cycles the auricular rate is usually unaffected Such periods 
of A ^ block arc produced more easily when this structure has been 
rendered more sensitive to stimulation by tlic administration of digitalis 
to the patient 

In two cases wc have been able to record the cliange of auricular 
flutter to auricular fibrillation following carotid sums pressure ‘i 

•» Types of 4 uricular Flutter Auricular flutter may occur m a 
[xaroxysmal foim or as an established flutter The litter form is said 
to be present if its duration has been two weeks or more lust mets liivc 
been recorded where the flutter lasted immterrupiedly for ciglit years 
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3 Effects of Drugs in Auricular Flutter Digitalis which is the drug 
of choice in the treatment of auricular flutter usually first produces an 
incrcise in tJie grade of A V block then concerts the flutter to auricular 
fibrillation If digitalis is then stop|)ed tlie auncuhr fibrillation fre 
quently reierts spontaneously to normil rhythm If tins does not occur 
the ribiilJatton inaj tend to persist unless quinidme is given to establish 
normal ihythin 

Quiuidine sulfate if efFcciual converts the flutter to normal rhythm 
without an intervening stage of auiicular fibrillation it often slous the 
auricular rate considerably during auricular flutter This may fall as lou 
as 130 per minute 

Ben ineiliyl cliohne has been successfully used to change auncuhr 
flutter to auricular fibiillation by icasoii of its vagal stimulating effect 32 
(c) Auricular Fibnllation Because of the differences uliich ue have 
alieady pointed out the auncuhr oscillations in auncular fibrillation 
are much more rapid than they aie in flutter (300 to 700 per minute) 
and are irregular in time and shape These diaraciensucs of the auncu 
lar oscillations may help m the electrocardiographic recognition (Fig 
17) Houever the auncuhr oscillations are rarely as prominent as they 
are in flutter They may be present only in one lead or possibly only m 
an occasional cycle Sometimes the oscillations are not visible in any 
indirect lead usually they can be shown by appiopriately placed chest 
leads 'When the oscillations cannot be made use of because of ihcii 
absence tlie diagnosis must be established by othei cutena The absence 
of a definite consistent P vsave before each Q R S complex may help But 
even this may be difficult to be certain of The one consistent electro 
cardiographic finding is the one that is so prominent clinically complete 
irregularity of the ventricular response to tiie very rapid auricular stimuli 
There are instances in whicli the slightly irregular ventricular rhythm 
IS not sufficiently marked to be detectable by the ear but one usually has 
no difficulty in detecting tlie complete irregularity m tlie tracing Very 
occasionally the ventricles may be regular This is usually seen where 
digitalis lias caused complete or nearly AV heart block 

The application of tliese criteria either alone or combined usually 
makes the eleciiocardiograpliic diagnosis quite easy 

There are some instances 111 whicIi the aiiutular waves aic large only 
slightly irregular and of a rale more like tliat of flutter tiian fibnlJation 




FictRE 17 \tiricuhr nhrillJlion -f » from a ci>c of mural siniOMt There i$ a right 
axis deriauon TIic s-cmncular rate is fzii\y stdl oonirollcd by digitalis Note the absence 
of P uarci and tlicir replaceincnt bs small imgubr osallaiioiu uiiiiii arc railed f uaves 
Note also the total irre^ilanty in uie spaang M the R R intcnal D, Auncular libriUa 
tion hiih a rapid ruiiricular rate averaging 170 per minute C, The Tint strip shows 
auricular fibrillation with a rapid scnUicular rate (approximate!)' 170 per minute) 
Note the widening and notching of the QRS complexes indicating a higli grade of 
bundle branch block The second strip, obuincd from the same patient, after the sen 
tncular rate had been well controlled by digitalis sbow^ normal intrascniricular cunduc 
tion tlius indicating that the bundle brands block tdsscrscd m the fust sinp was du^o 
fatigue of the tissues of the bundle branihcs inodcnt to the high sentneubr rate D, The 
sentneubr rate is almost regular iuch cases are difficult to diagnose clinically Note 
the almost complete aliscncc of auncubr f uases E. There is a high grade A V heart 
block, due to digitalis. 

( 61 !) 
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frequenti) issociated with rheumatic heart disease ihhough it is almost 
as frequently encountered in hypertensive and arteriosclerotic varieties 
IlypcrtJiyroidism not infrequently precipitates this irregularity often 
It IS of the paiovysmal variety Luetic heart disease is rare as an etiologic 
fictor 

J INTRAAURICULAR BLOCK 

Intraauricular block is characterized by absence of tlie auricular beat 
ing (P waves) for several cycles or for even longer periods Jt has been 
reported as occurnng in quimdine imoMcation to Tins condition must 
be differentiated from nodal rhythm where die P waves may be buried 
in the Q R-S complexes by a jugular pulse tracing and from the 
extremely low isoelectric P waves by the same method and by use of 
precordial leads 

K AURICULAR STANDSTILL 

Auricular standstill may be caused by toxic quinidinc effects by 
caroud sinus pressure and by reflex vagal sumulating effects from the 
gastrointestinal tract In liicse conditions the ventricle ultimately escapes 
Total cardiac standstill may be present for varying periods of time up 
to 30 seconds during Adams-Stokes seizures 

L AURICULOVENTRICULAR HEART BLOCK 
This term is applied to the abnormal eardne mcclianism in vducli 
an auricular impulse is delayed or compleicly fads to reach die ventricle 
This disturbance is the result of disease or abnormal function of the \ V 
node or bundle of His In us simplest form every auricular impulse 
reaches die ventricle but requires a longer lime interval 'With higher 
grades of block occasional auricular impulses fail entirely to secure vtn 
mcular responses The auricular and ventricular responses may assume 
a regular madieinalical ratio such as 2 ^ or | auricular impulses to 1 
2 or 3 ventricular responses With complete A V block no auricular iin 
pulses readi the ventricle Complete and p.iriial A V' block have die 
following electrocardiographic difference In parti il AV block every 
ventricular beat present is a response to a preceding auricular impulse 
m complete A V heart block no vemriciilar beat is a rcsj>onsc to auricular 
impulses but is a response to impulses ongmaung w idim die v emntlc 
Bodi complete and partial block generally occur in older imlivuluals 
and are usually live result of acvvial degencrauve changes in the A V node 
However both types may depend on reversible changes that do not pro 
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duce visible pathologic lesions and can be transient phenomena. This is 
particular!) true of partial block ivbicli is produced transiently by such 
conditions as rheumatic feser, asphyxial conditions, by digitalis and sagal 
o\eracii\ity. Both partial and complete A-V block arc also seen transiently 
as a complication of occlusion of the right corojiary artery. Syphilis is tery’ 
rarely an etiologic factor in A-V heart block. 

(a) Partial A-V Block: (Fig. i 8 A, B, and C) ; When there is only- 
delayed A-V conduction, it is practically impossible to iccognizc this 
clinically. The only jxjssible clues He in the facts that the first heart 
sound may be ditninished in intensity and at favorable rates, a summa- 
tion gallop may be detected by auscultation so However, this condition 
IS recognized easily by the electrocardiogram which clearly shows long 
P-R intervals This interval normally should not e.\ceed o z second. 

^Vhen partial block produces dropped beats, clinical recognition is 
generally possible. However a 2:1 A V block may lie mistaken for a slow 
sinus bradycardia and the pause produced by a dropped beat may be 
confused vsiih the compensatory pause of a ventricular extrasystolc. The 
electrocardiograph plainly reveals tins condition by showing regularly 
recurring, normally shaped P waves wiUi an occasional one failing to be 
followed, by a ventricular response (Fig. \%B). 

(b) Complete A-V Block: Although instances are known in whicli 
complete block has existed for 20 years or more, iliesc are rare and the 
condition is to be regarded as a serious disturbance in which the prog- 
nosis is definitely poor. This is so because the disturbance predisjxises to 
ventricular standstill or ventricular fibrillation, both of which may 
quickly c.vuse death. These will be discussed under Stokes Adams seiz- 
ures. 

Tlie diagnosis usually can be made clinically by tlic slow- and regular 
ventricular rate which is a result of ilie Initiation of impulses by an idio- 
ventricular center at a rate usually around jo per minute. The new- idio- 
ventricular center is beIov\' the |)oint of block and prolwhly in the A-V 
node or bundle of His The cliief therapeutic attack is directed toward 
preventing this idioventricular center from failing or toward increasing 
its rate of impulse fonnaiion. Neither can be very well acconipHslicd. 
but atropine, adrenalin, ephedrine. paredrine and typhoid vaccine.^i may 
at times accomplish the latter aim. 



ELEGTROCAR0IOGR/\PHY 


619 


The electrocardiographic diagnosis is easily made The ventricular 
complexes occur regularly and slowly While the ventricular rate is 
usually slow 30 to 40 per minute tins may be higher (60 per minute) 
in complete heart block due to digitalis and in emergence from Stokes 
Adams seizures ulierc it may be 100 perimnute The auricular complexes 
are entirely independent and usually occur legularly at a normal rate 
(Fig i8 D and E) It is to be borne 111 mind that there is no reason v\hy 
complete A V block cannot exist in the presence of an abnormal auricular 
mecliamsni One therefore sees complete A V block occasionally when the 
auricles are fihrillating or fiuitenng or beuing very lapidly 3 i 

The ventricular complexes are gencially normal in duration and m 
contour At tunes they arc widened and notched because of coexistent 
bundle branch block 

M AURICULOVENTRICULAR NODAL RHYTHM (Fig 19) 
According to the conception that 1$ generally held all heart muscle 
possesses certain, fundamental properties among v\hich are excitability 
and rhyUnmcit) In the sinoatincular node the property of rhythmicity 
IS more highly developed than in any other portion of the heart muscle 
hence it is the pacemaker of die heart However the A V node possesses 
the property of rhythnneuy in only slightly less degree and readily takes 
up the role of pacennkei if either of the following two developments 
takes place (i) The rhythmicity of die S A node becomes depressed to 
a level lower than that inherent in die A V node or (2) the rhythmicity 
of the AV node becomes heightened to a point above tliat of the SA 
node Since the natural rate of the rhydimicity of the A V node is around 
40 to 30 per minute die former development (1) results in a slow heart 
rate and may be called the slow type of nodal rhythm while the latter 
(2) produces a rate more rapid than the usual sinus rale and can be re 
ferred to as the rapid type of nodal rhythm 

Neither type is very common but the slow form is seen much more 
often Uian the rapid Both fonns of AV nodal ihythm are nearly always 
temporary disturbances only a few instances have been reported v\here 
the disturbance approached permanency Among the causes are digitalis 
poisoning acute rheumatic fever arteriosclerosis of the coronary arteries 
with resulting degenerativ e changes m the sinoauncular node In certain 
patients it occurs during certain phases of respiration after carotid sinus 
pressure and atropine administration 



C50 C\IU)IOV^lSCULr\R DISE.\SE 

The icrm A-V notlal rhjtJiiii is usually applied idien the impulses 
arising in the A-V node, either slouly or rapidly, spread both downuaid 
to the lentriclcs and upward to die auricles as uell, and thus control 
boili chambers. This is not always the case, however, for frequently the 
nodal impulses go only to the ventricles, tlie auricles remaining under 
control of the sinoauricular node. When this is the case, some other name 
(ventricular escape) is given to die disturbance. 

In considering the electrocardiographic diagnosis of A-V nodal 
rhythm, it should be pointed out that die A-V node is a relatively Jong 
stniciuic— so much so that the electrocardiographic findings differ de- 
pending upon whether the impulses arise in the head or auricular end, 
in die tail or ventricular end or iu the center. Wliat usually is seen is 
a nugration of the center of impulse formation with some impulses aris 
tng from one situation in the node and some from anodier. Regardless 
of which center is active, theic is one common feature: The auricular P 
waves arc invcitcd or at least dilfcrent in sliajic from P w’avcs ongmating 
in the sinus node. This is so because au impulse arising in the A-V node 
fonov«-s an entirely different course dirough die auricular muscle than 
one arising in the sinus node. The Q-R-S complexes are usually suprav en- 
tricular, that Is to say of normal width and shape, though occasionally 
one secs .1 slight aheimtion in the shape of Uils complex. 

^Vhen an impulse arises in die ventricular end of the node, it has a 
much sliorier distance to go to reach the vcmricle than die auricles. M 
a consetjuence the ventricles arc activated and contract before the auricles, 
with the result diat the inverted P waves arc usually situated between 
the Q R S complex and die T v%ave (Fig. 19 C) . 

^Vhe^ an impulse arises m the auricular end of die node, the distance 
to be traversed to rcacli the auiiclcs is short and die auricles beat before 
the ventricles However, as die impulse is spreading from its point of 
ongin upward towards the auricles, it is also spreading tov\-ards the veu 
mcle with the lesult that when the impulse reaches die auricle and die 
P wave begins to be vmtlen, die impulse wall by then be well on us way 
through the node toward the ventricles. Tins naturally results in die 
P R intervals being quite short (Fig 19 ri). 

■With slow nodal rhvthm, this v,irieiy with short P-R inicrv.als ran 
he rccogiii/ed unniLsiakably Widi rapid nodal rhythm, it may be con 
fused with auricular paroxysmal Uchycardia Tlie distinguishing point 




riciRE 19 \uriculoie i(r culii nodal Tli>Uim anil iciiuiciilar escape B and C 
show difTctcnC examples ot Ihe stow fom ol nodal ihjibtn i The ventricular rate is 
50 per mniuic Note Uie extremely short PR intervals <^06 second) and die inverted 
P waves The center o[ impulse formation is in the upper portion of the AV node 
B The vcntncular rate iv 13 l>er minute The P waves occur synchronously nth the 
QRS complexes viid thcrelorc arc not visible The impulse probably arises from tlie 
middle portio of the W node and vpieads s multancoiisly to Uie auricles and the 
ventricles C, Tlie ventricular rate is 50 pir m nute The P waves are inverted and occur 
between the QRS complexes and the T waves The impulse anses from the lower 
portion of the V V node and reaches the vcntnclcs si ghtly licfore the auricles D and E 
illustrate two forms of leiiiricular esape In D die fine three qcles are normal The 
iiucrval between the th rd and the fourth P v aves is exactly twice the usual P P interval 
(sinoauricular heart block) \5 a result of the much delayed auricular impulse the 
i V node csca]>cs and initiates an impulse which goes forward to the ventricles (fourth 
and sixth ventricular complexes) but not to the auricles the latter remaining under the 
control of the sinoauricular noclc Two instances of suclv ventricular escape are observed 
in this record In C Uie P v aves occur re^lirlv and at a normal rate Tlie ventricles 
arc beating independently of and more rapidly tJian the auricles This type of VV dis 
sociatjon develops when some influence raises tlie rate of rhytliraiaty of the AV node 
above that of trie sinoauriculjr iitide The rap dly foniied AV nodal impulse m ih s 
insunre goes fon anl to the veiitr cles 1 lit not liatkward to the aiiriclcs The P waves 
arc therefore seen to oemr jcgularly but have no relation to the following ventricular 
complexes 
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IS the short PR intervil of nodal rhythm this inicnil ujll not be 
materially shortened in extnsysiolic disturbances 

When the impulse arises around the center of the node it may reach 
the auricles and \entricles siinukaneously with the result that the Q RS 
and P ua\es occur simultaneously and the latter arc invisible When this 
IS the case the dia^jncsis is sometimes uncertain aiul must be arrived at 
laigely through elimination If one takes enough triung usually a cycle 
or cycles will be found in ninth the P wave shous for as uc have ahcatly 
stated the center of impulse fonmiion in the \ V node genci illy moves 
and rarely remains fixed (Fig ig D) 

(a) A V Nodal Extrasystoles and Nodal Paroxysmal Tachycardia 
A nodal extrasystole is simply a single cycle of rapid type nodal rhythm 
That IS to say for one cycle the rhytlimicity of the AV node is raised 
to a higher lev el than that of the S A node The elecii ocai diograplnc fca 
tures are tliose that ne have already described The P waves will be 
inverted and will be either before behind or buried m the QRS com 
plexes If before the QRS complexes the P R interval will be slioriencd 

If instead of a single isolated nodal extras) stole there occur a senes 
of these beats this constitutes nodal {laroxysmal tachycardia As the 
name implies it is paroxysmal and the rale may rise as hioli as 140 to 
iGo per minute This disturbance is the typical example of the rapid 
type of nodal rhythm but is quite rare 

(b) Vcntncular Escape Wc arc using this term to ajiply to those 
instances in wliicli impulses aiising 111 ihe \ V node ^0 forward and con 
trol the V eniricle but do not reach ilic auricles the latter remaining under 
control of the sinoauncular node The factors that produce tins disturb 
ance and the forms in which it manifests itself (slow and rapid) are iJiosc 
already discussed There is tint type in winch the rate of rliyihraicily of 
the sinus node becomes depressetl to the point that the normal stimula 
tion of ventricular contraction by the auricular impulse is so delayed that 
the inherent rhythmicity of the \V node tsseris itself and piodiiccs a 
sumulus This is precisely the niecliaiiism at work in the slow type of 
nodal rhythm except that the notlal impulse in vcnlriciihr escape effects 
only the ventncles and not the auncles Tins slow type of escape is often 
confined to a single qde frequently an cxaggeraicd sinus arrliyilunn 
will bring It into play It may be present however fora number of cycles 
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This can be easily recognized in die electrocardiogram by die fact that 
the escape \emncular complexes arc not preceded by P ua\cs The Inter 
can usually be seen at least partially behind die Q R S complexes and 
can be seen to be normally upright and therefore of sinus origin 
(Fig 19F)) 

The mechanism of the other \auety of \entiiculir escape is that of 
rapid nodal rhythm the rate of rhydimicity of the AV node is raised 
abo\e that of the sinus node If the nodal impulses thus resulting can 
go foruard but cannot go bacUisard diroiigh the node the ventricles aic 
controlled by these impulses but the auricles continue to beat in rcsjionsc 
to sinus impulses ^Ve have thciefoie an \ V dissociation uuh the \en 
mcles beating more rapidly dian the auiicles (Fig ig T) 

In the electrocardiogram this is plainly seen The veiuntuhi beats 
are of normal shape but arc not preceded by P naves at a consistent P R 
interval The ventricular complexes arc regular in rhythm and are all 
responses to nodal impulses except that an occasional beat may be out 
of rhy dim because ic is a resjionsc to an auricular and not a nodal nnjnilse 
This can happen ivJien die auricular impulse finds die refi-acioiy state 
of the AV node and ventricles favorable The P waves arc noimally 
upright regular and occur at a slower rate than the \ enincular complexes 

N VENTRICULAR EXTRASYSTOLES 
There is considerable evidence to sn^^est that the ineehanism of veil 
iricuhr extrasysioles is not a simple one Since the matter is not entirely 
clear vie will refer only to the older view ind not discuss the parasystolic 
dieory of extrasysioles (see Fig A B and C) \eiilricular extra 
systoles are generally considered to be the result of a siimuhis to con 
traction arising at some place m the ventricular muscle \ einnciil 11 beats 
produced by this nieclniiism arc always premature and since tlic impulse 
arises in the muscle of one ventricle this chamber will be activated before 
Its fellow with the result that the two ventricles ict asynchronously This 
jiroduccs vemricular complexes which arc slurred widened and of con 
siderable voltage The T waves arc also laige and opposite to the diicc 
tion of the Q R S complexes Widening and notching of die picmiiurc 
vcnlriculai complexes is not sufficient for dngnosis it must be furdicr 
shovvn that tiiese complexes arc not piccedcd by P waves It is ujxin 
these features lint the cIeciiocardio„i iphic diagnosis is made 
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Ventricular premature contractions may appear in the form of iso- 
lated beats; tliey' may be numerous, arise from one or many foci, or occur 
in pairs or short runs of three or mote beats, theieby constituting a poten- 
tial \entricular ladiycardia. A \ery interesting \aricty is Uiat in uhirh 
\eniricular e\tras)stoles are coupled to pieccdmg normal complexes in 
die sense that the time interxal betuccii the extrasystolc and the preced- 
ing normal complex is die same from cycle to qcle (Fig. The 

dnef clinical importance of this disturbance lies in the fact diat it is fre- 
quendy produced by overdigitalization. Theoretically they are of inter- 
est because they suggest die possibility that the mechanism back of extra- 
systoles may be a form of the re entrance phenomenon and may, theie- 
fore, be close to the circus movement that pioduces auricular fibrillation 
and flutter. 

Ventricular extrasysioles occurring late in diastole give rise to an 
eiFcctive ventricular contraction vshidi produces a radial pulse. Occur- 
ring early in diastole, the intraventricular pressure may be too small, as 
a result of insuflicient ventricular filling, to yield a pulse at the wrist. 
A pulsus deficit may therefore occur in die presence of numerous ven- 
tricular premature beats 

The auricular mechanism is not disturbed by ventricular extrasysioles: 
V vv-aves continue to be fonned rhythmicaHy. This gives rise to one of 
the outstanding clinical jihenomenon; the compensatory pause. The P 
wave that occurs during or just after die premature ventricular beat can- 
not secure a ventricular response for it occurs during die refractory 
period of the ventricle Tlic first ventricular contraction after the pre- 
inatuie beat will be a response to the next rhythmic P w.ivc. The inter- 
val between the premature lieat and the next ventricuLir beat is therefore 
longer than the usual R-R interval and is referred to as the compensatory 
pause 

However, if die premature beat occurs suflicicntly early in diastole at 
a relatively slow ventricular rate {e.g,. Go per minute), ventricukir 
recovery may have proceeded to such an extent that every rhythmic P 
wave secures a norm.il ventricular resjxinsc and no compensaioj-y {xmsc 
occurs. Such e.\tras>sioles are referred to as interpolated. 

Ventricular extrasysioles may arise in the right ventricle, the left 
ventricle or the interventricular septum. The jxiint of origin iinj l>e 
determined by the direcuon of the exuasystolcs in Leads I and III. If 
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upright m Lead I and down in Lead III, they are probably right ^entncu 
hr, if doun m Lead I and upright m lead III, diey are of left \en 
trit-ular origin 20 
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FirLKE 20 \cn(ncular pTioxjtawl tachjcartjit Tlie fipjc port on of strp f sho < 
periods of normal inicrruplcd by an occcasional \entricular extrasjstole In the 

rest of the sUip thcic is a paronym of Acniricutar uchycardia (icnincular me tj4 per 
minute) Note lhat the eccop c bcits of Uie paroxysm are identical in shape s\iib lint of 
the isolated sentricular cxtrasystolcs Normally shaped P liases continue to occur regu 
laily 3l a mudi sioner rale (IJ.^ per rainutc) and independently of the scntrcular 
complexes B ind C are from ilic same case or sentiicutar tadiyard a occurring during 
acute pericarditis In B are slioun isolated sciiuiciilar cxtrasystoles some of s h ch arc 
occurring in purs C slioivs a com nuous seniricular Uchycardia Note that tiic ectopic 
beats arc identical in shape Mitli the isolated senincutar cxuasysiotes obsened during liie 
normal rhythm The vcninoilar rate during He p-iroxysm is ICO jier minute D Ven 
iricular paroxysmal tachycard a occurring during auricular fibrillation Note die normal 
ventricular complexes followed by coupled ventricular cxtrasystolcs During ihe parox 
ystos the sliape of the ventricular complexes iv the same as that of the isolated extra 
systoles Note also that (1 e in tiat belt of the paroxysm bears the same relation to the 
preceding normal belt that the isolated coupled beats bear to the preceding normal beat 
h shows ventricular paroxysmil tachycardia of the bidirectional type occurring in a 
patient during toxic d'gitahs effects Note the piescncc of R T deviations 

Since this disturbmce is a very common one its clinical significance 
Js important Undoubtedly ventnaihr cxtiasystoles occur as the result 
of inyocirdi tl diseases of various types hut they tlso occur frequently in 
induiduals with normal hearts Their iinjjortance, theiefore, is to be 
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evaluated by clinical stud) alone Uiey wirraiu no diagnosis of disease 
In most instances they can be abolished by any factor that increases the 
cardiac rate e g, emotion exercise or atropine In some cases uhcre 
iJiey occur in assoaation uitb injocardial disease cxeicisc lends to in 
crease them b) putting a greater load ou an already overburdened heart 
muscle 

O VENTRICULAR PAROXYSMAL TACHYCARDIA (Fir 20) 
Veiitncnhr paroxysmal tachycardia generally is considered to be a 
disturbance consisting of a senes of ventricular extrasystoles liie ven 
tiicuhr rate is usually aiuund 150 to 170 per iiiimiic The diagnosis 
can he made with certainty only by electrocardiographic study The 
critena for electrocardiographic diagnosis of ventriLular ntliycirdia litre 
estabJishtd by Robinson and Herrmann 'ts TJie beats of the jjaroxjsms 
should be ventricular in type in the sense tint ihev arc vwdened and 
notched If auricular fibntlation exists it is essential for tiic diagnosis 
diat tracings be obnamed when die venincuhr paroxysm is not piesent 
and which show isolated ventncuhr exinsysiolcs— preferably those which 
are coupled to preceding noninl belts (Fig -oD) The diagnosis can 
be esLiblishtd if Uie ventricular complexes of tlic jiaroxysm arc identical 
with liie isolated ventneufar extiasystoles It is even more fully esiab 
hshed if the first beat of the paroxysm is coupled to die picceding 
normal complex by the same time inteivil that exists between an iso 
laied extnsystole and its preceding normal beat If auriculai fibrilhiion 
is not present the diagnosis is established if the ventricular complexes are 
widened and notched and occur more rapidly than and independent of 
the normally shaped P wave The vemriciihr rale may be perfectly regu 
lar but generally is slightly irregular It Ins heen sUjjgcsted that this 
slight irregularity togethei with the varntioii in ilie intensity of the first 
sound winch is often present may suggest this arihylhmn clinically 3^ 
This arrhythmia is of great prognostic significance since us dunuon 
for any period of tunc piedisposes to ventricular fibrillation a condition 
usually incompatible with life It occurs in the presence of sevcic myo- 
cardial disease jxjrticuJarly as a compile ition of acme or subacute coro 
nary occlusion and as die icsuli of toxic digitalis effects 

The complexes of ventricular ncliycardia are usually unidirectional 
Occasionally diey are bidiieclional (Fig aoE) this is probably a more 
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senous t)pe and is in oui expenence. almost ih\a)s a result o£ toxic 
digitalis action Fiom dieoreucal considerations, this t)pe has been 
said to be due to a cticus ino\ement m die ventricle and Ins beeu called 
ventricular flutter analogous in inechaiiism to auricular flutter O" 

Tvso other t>pes of ventricular tachycardia are sometimes observed 
When present, Chej^ usuaWf produce StoLes Adams seizures The first 
producing minor attacU, consists of markedly aberrant widened QRS 
complexes (Fig 21 A) , they differ from die usual type observed in ven 



FicuRs 21 Ventricular nbrillation Strip; J D and C \ cre bbiained during a Stoke 
Adams attack in a patient ttiili oompiclc A V heart block Strip f shons the prcfibnllarr 
l)pe of centncuhr tach)cardia Note the loaikedly aberrant tjpe of tcntncular com 
ple\es tMth a rate of 200 per minute Tltese very frequently precede the development of 
ventricular fibrillation or complete ventricular suuthciU S shovis the typical pr^bnllary 
type of vcntnculat tachycardia (rate 200 per minute) This ends suddenly and is fol 
lov ed by a period of ventricular standstill During the vcncncular disturbance the auricles 
continued to beat at a rate of SS per minute C shows ventricular Gbnllacion Note the 
extremely irregular aberrant type of senincular response Tlic patient recovered from 
this paroxysm 

tricular tadiycardia in tliat the rate is moie lapid (200 to 230 pci nunuie) 
and the amplitude of the QRS greater (Fig 21 A) The second type 
produces major seizures The complexes show greater widening and are 
more bizarre Tlie waves comtsts of more 01 levs rcguhi helixJikc uiidu 
lations which usually precedes true ventricular fibrillation (Fig 2iil) 
Both of these variations have been referred to as piefibnlhtory types of 
ventricular tachycardia 
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P. VENTRICULAR FIBRILLATION 

Ventricular fibrillation (Fig. 21 C) is the most serious of tlie arrhjth- 
nnas; its presence for e\cn a brief instant is usually incomjjatjble tviifi 
life, though there are on record a few instances in uliich recosery has 
occurred after \entricular fibrillation bad evistcd for seiernl minutes. 
This arrhythmia is probably a frequent terminal event in many patients. 
It IS probably die mechanism by vvhich death occurs in coronary occlu- 
sion. digitalis jjoisoning and in some Siokes-Adams attacks. It is usually 
preceded by attacks of ventricular tacliycardia. 

The cardiac mechanism during these seizures may be moie easily 
folloued in animals where they can be induced by electric shock, by 
coronary occlusion or by toxic amounts of digitalis With the onset of 
ventricular fibrillation, tlie blood pressure drops to zero or practically 
so; a series of rapid irregular undulations replace the cooidinatcd con- 
traction of die ventricle. These oscillations become gradually less marked 
until they cenve altogcUicr. 

The graphic records show bizarre vemncular oscillations without 
suggestion of a QR-S or T wave. The waves are often very coarse and 
irregular and are accompanied by v\idc movement of the string. Auricu- 
lar contractions may nevertheless be present. Records of onsets during 
Stokes-.Adams seizures in complete A-V block show Uiat diis arrhydimia 
IS usually preceded by ventricular tachycardia, especially of die prefi 
brillatory type and may begin suddenly following a period of veniricuhr 
standslill.35 Recorded endings have sliowu die gradual appearance of 
ventricular beats, at first markedly aberrant, later less so. The idioven- 
tricular beats gradually resume tlicir usual contour and rate. 

In animals, such seizures induced by electric sliock have been ter- 
minated and normal rhydini restored by application of potassium fol- 
lowed by calcium salts and by electric countershock.7i So far, feu such 
attempts to accomplish this in the buinan subject have been made. 

Q. PULSUS ALTERNANS 

Pulsus altenians is characterized by rhythmic occurrence of a strong, 
followed by a weak beat Tlie resulting pulse waves alternate in sirengfh. 
The ventricular rate is quite regular. The pulse rate, however, may he 
slightly irregular due to a variation m sphygmic intervals as a result of 
variation in ventricular ejection. Alternation may involve the auricle, 
both ventricles, or only the right or left ventricle; it has been observed 
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c\en m Uic presence of auricular fibrillation This condition ma> be 
detected at times by palpauon of the radial pulse It is lio\\c\cr, more 
accurately determined by the use of the blood pressure cuff uhicli ma) 
uuhcaie varntions m the s)stohc pressure in alternate cjclcs of from 12 
to 30 mm or by graphic registration of die bradual or radial pulse 
Occisioiiali) altcniation of the heait sounds may be recorded it the 
apc\ One must be careful to exclude tlie presence of coupled rhythm 
in tills condition the apical rue is irregular 

Alternation is generally the result of a profound cardiac distuibancc 
IIoue\er ivhen it is present only with very rapid rales it is not neirly 
so significant It is not uncommon duiing rapid {>aio\ysiuil tidiycardu 
the alternation disappcais as the rate is slowed 

There are two mam ihcoiies underlying alieriniion (1) rini all 
the fibei's contract during one caidiac cycle but due to diminished cxriia 
bihiy some fibers do not contract m the next cycle and ('») that 
separate groups of fibers fail with alternate beats 3' 

E\ idcncc of alternation may be present m the cltcirucardtogram (clct 
trical alternation) This may occur together ivith or be independent of 
mechanical alternation ns significance however is liic same The dec 
irocardiogiani may indicate alieriiauon m the heij,lu of the Q R S com 
plexes (fig 15) , aUernaiion 111 Uic lengUi of the P R interval and alter 
ndtwn m tlie ainphtude of tlic T waves in inciucct and/or prctordnl 
leads To 

VII CORONARY OCCLUSION 
Since Herrick'*® placed the diignosis of coronary artciy occlusion on 
a firm tliiiical basis a number of gridually accuimilaling observations 
have given to the ckcuocardiogram a prominent place in the study of 
this important condition yVuiong these the experiment il work of 
1 M SmiildO and that of Pardec-*<* Parkinson and Rcdfoid^* and 
Barnes and Whitten-*- dcsenc spcaa! inenlioii Since iy3- the diag 
iiostic possibilities of the clcclrocaidiograin have been markedly mtrtastd 
by the use of tlie precordiil leads the value arid importinte of uhidi 
Ins been clearly shown by the work of Wolfcrili md Woo<l- and that of 
Wilson •* By the combintd use of the limb and picconlial leads the 
di ignosis of myocardial infarction can now be made by the elcctrocaidio 
5,ram in over 90 per tent of cases In addition the site of the infarcted 
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area can be usually definitely determined and Uie course oE healing can 
be followed by the careful use of Uie electrocardiograph. 

Determination of die site of infarction is important in prognosis. 
Cases of posienor infarction present a better oudook than anterior rajo- 
cardial infarction and usually require a relatiselj shorter |>eriod of bed 
rest. 

A. PHYSIOPATHOLOCIC CONSIDERATIONS 
Before discussing the electrocardiographic changes in coronarj’ occlu- 
sion, certain ph^siopadiologic facts should be pointed ouL 

Coronary occlusion is most apt to occur in cidicr one of tuo sites— 
in die anienor descending branch of ihc left corousr) artery, i to 1.5 cni. 
from its orifice, or in the right coronary artery. Closure of right coronary 
artery occurs near its orifice but more often near the crus where the right 
circumfle'c turns to become die posterior descending branch of the right 
coronary artery. 

Immediately following (he occlusion, the normal electrical excitation 
IS disturbed in die damaged muscle and Is replaced by abnormal currents 
which occur in injured muscle. These are called currents of injury and 
produce die characterisuc change hi die electrocardiogram, namely dcsla- 
tion of the R-ST segments and T wa\e changes. At \arying periods 
following the occlusion, irreversible changes apj>ear in die heart muscle; 
myocardial infarction takes place and readies its maximum extent 2{ to 
48 hours after tlic acute occlusion or even later, depending on the type 
and character of the occlusion. This is followed by a period, if the jjaiieni 
survives, during whidi die process of infarction merges into a subacute 
phase where many of the acute features subside. It is difficult to give 
accurately the lengdi of the acute and subacute stage in human cases, 
however, judging from die sequence of events m dogs and rclaung dicsc 
to serial electrocardiograms and postmortem findings 111 humans, il 
appears that in the average case, (he acute and subacute stages have an 
average of two to three weeks duration iw posienor and three to five 
weeks in anienor infarctions. Tin's varies greatly in different cases. At 
necropsy, one often observes healing in one jioriion and evidence of acute 
and subacute infarction in another portion of tfie involveil area. 

Stricily speaking, the elecirocardic^phic clwngcs arc not die result 
of coronary occlusion 'Tlie electrocardiogram records evidence of acute 
muscle damage resulting from the occlusion. ^\hile currents of injury 
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are usually tlie result o£ myocardial iiitarcaon tliey may be produced by 
other cases e g, inflammator) m\ol\ement of the myocardium in pen 
carditis acute rheumatic myocarditis and anoxia However, certain other 
characteristics m the electrocaidiogriphic pattern usually enables one to 
decide if the cunents of injury aie the result of myocardial infarction or 
are produced by some other cause 

The electrocardiographic akeruioiis depend not only upon the loca 
tion but upon the size of the infarcted area The size of the region 
infarcted depends upon many factors 

1 The size of the vessel occluded Since considerable variation 
exists anatoinicaJJy m tJie size and distribution of various branches of 
the coionary arteries occlusion of the same vessel in different hearts 
does not necessarily give rise to areas of mfarcuon similar in extent To 
mention but a few examples of such variations (a) Tiie right coronary 
artery is occasionally a much smaller vessel than usually observed under 
whicli circumstance a |)ortioii of the area supjihcd by this artery is taken 
by the circumHcx brancli of the left coronary ib) The iijiper laieial 
wall of the left ventricle generally supplied by the circumflex branch of 
the left coronary artery is m ten per cent of hearts replaced by a large 
cncuinflex brandi of the right coronary artery (c) Considerable vaiia 
tion exists in size and number of tlie lateral blanches of the anterior 
descending branch of the left coronary artery and their manner of 
brandling 

2 The mode of foiniUion and si/e of the thrombus Closure may 
develop slowly permitting opportunity for neighboring vessels to supply 
the infarcted area The thrombus may be small (i^ to i cm ) tlius 
allowing tlie occluded artery to function by its connections to neighbor 
mg vessels An initially small thrombus may gradually or rapidly extend 
ultimately involving the enure vessel thus depriving a considerably 
greater area of its blood supply 

3 The thrombus may be single or it may be preceded by previous 
thrombi in the same vessel the vessel itself may have previously been the 
seat of arteriosclerotic nan owing at one or moie points 

1 The age of die patient is of some importance Closure of a coro- 
nary artery in a relatively young person is said to carry widi it a more 
serious prognosis than in an older patient, due to the presence of more 
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aiiastoinic channels in the latter and the inability of arteriosclerotic 
vessels to develop a spastic closure of their lutnina. 

5. The occurrence of spasm in tlie remaining coronary arteries fol- 
lowing an acute occIusion-i3 js an important {actor in determining the 
extent of the infarcted area and ultimately tlte patient’s survival. This 
s]}astic factor would not be as important in the presence of arteriosclerotic 
coronary arteries since tliese cannot so readily go into spasm. 

6^ The factor of cardiac rest includes the rapidity with uhicli com- 
plete physical and mental rest is secured following the occlusion. The 
continuance of the patient at work, ilie withholding of analgesics and 
sedatives dming periods of pain increases the vsork of the heart and 
would lend to increase the siie of the involved area and delay healing. 
The same is true if a rapid ectopic rhythm develops following a coronary 
occlusion; this would tend to decrease the coronary flow while at the 
same time increasing Uie work of Uie heart. 

7. TJic presence of new aieas of infarction gradually {ortning during 
the process of liealiug of the original process may piolong the acute and 
subacute stages to two to three months or longer. 

8. The previous status of the coronary circulation is of great im|x>r<- 
tJiice. .Many patients uitii coronary oedusion have tuo or more infarc- 
tions at various times Tlic occurrence, for example, of a jvosterior infarc- 
tion after a previous aiucrioi infarction increases the extent of Uic 
inf.ircted area in liie former since a large portion of its possible anasio- 
niatic supply is cut off. 

B. THE ELECTROCARDIOGRAM IN MYOCARDIAL INFARCTION 

In view of the numeious varwtiom in iJjc type, progression and 
extent of myocardial infarction, it becomes apparent how markedly the 
electrocardiogram may vary. From the graphic standpoint, four types 
of coronary artery occlusion have been described, anterior, posterior, 
anteroposterior and lateral. Other types and combinations occur, but 
die elecirocardiograpluc diagnosis of these is not clear cut. About 90 j>cr 
cent of the cases of myocardial infarction arc represented by infarction 
of anterior and posterior wall of the left ventricle; the remainder con 
stmitcs the oilier ten per cent. 

(a) Anterior Myocardial Infarction: Ottliision of the aiuerior de- 
scending brancli of Uie left coronary artery results in infarction iniohmg 
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the anterior and apical portion o£ die left ventricle and the lower left 
contiguous poition of the interventricular septum An electroairdio- 
grapliic pattern is produced which is usually fairly characteristic How 
ever, deviation fiom the typical patterns aie frequent 

1. Acute Stage (Stage of RT Deviation) The acute stage is charac 
leii/ed by the piesence of R-T deviation which piesents a characteristic 



Ficlre 22 Amerior in)0{nrd(3l infirciion I na$ taken 24 houn afier the onset of 
sescre prccordial patn Note ihe R.T elevation in Lead I, and RT depression in Lead 
III A small Q ivasc w present tn Lead I. and Uic Q R S coniplexe> are of low amplitude 
in ill three lead* Lead IV, shows an absence of the R ware and clcsalion of Ihe RT 
segment B ms made three weeks after A Tlic T tvates m Leads i and It arc now 
mtcricd iml cos c shaped Lead IVr snU shosvs the alncnce of the R siasc The RT 
segment is now only slighlJj elesaCed but the T ssases are deeply inserted and somewhat 
niaeascd in arnpliiiide C sras taken four ssceks after B Note the presence of a small 
Q \si\e in Lead I Tj is still imcrlcd, but is no longer as cluraccensticaliy cose shaped 
as ;n B ” iniertcd still but not as mwcli n ta B Lead JV, still sliows the absence 
of R wascs The R T desiations base entirely disappeared The T ssaves are inserted 
but not as deep!) as in B 


pattern (Fig 22 A) . This is represented by Uie Ty type of R-T devia 
tioii (if a Q uave is present ni Lead I, it is called the Q1-T2 type) 
With a left axis deviation the R-T segment is elevated in Lead 1 and 
deptessed in Lead 111 , the R-T segment in Lead II depends upon the 
ilgcbintc summation of Fj and Tj In the piesencc of a bicauliogt.nu, 
the R T segment is elevated in Leads I and II; R-T-j is usually unatfetted 
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The precordial leads show an absence of the innnl upnard dedccuon in 
IVp or IV„ (absence of initnl donniiard dcllcction in old Lead IV) 
M'ltli subsidence of the acute stage the R T ties niton becomes less 
niarhcd and finally disappears fust in the limb leads and later in llie 
precordial lends 



FiCLKF 23 1 record al lends during tic ^ubncuic stigc of m}iKnrdi'il infarction I 
an 1 H arc frt m liic Mine C3«c of anterior infarct on 1 i -is laVcn liucc da>s after ilic 
o jstt of sctcrc precordial pai i ^»>^c the H ghlly tlctatal R T segments m Lead 1 t ith 
Ijcj, nil I s inrenion of the F i arcs TJic T « a*c$ arc upright in Lcaiit If and JII A ieU 
axis dcsiaiion is present Lead I\r s>io» » absence tl R r axes with clexated RT seg 
mcnis These find ngs arc diaracttristic of the act tc Mage of anicrior myocardial infarc 
lion Tlic changes are more [ lamlj scar in the pretord al than in the liml s leads D x-as 
taken ten days after / Note the deeply imcrtc&l slightly coxed T x axes m Lead I the 
upright T waxes m Lead III and the inacased amplitude of Tj In Lead IVr the T 
t axo arc not i nly deeply inxerted I ui tnatkcdly rncrcarcU m amphludc Tlie R waxes 
arc siill al sent 1 hese f ndings arc cl aracteroUc. of the sulacutc stage of antcriur myo 
card il inrarciion 

2 Subaculc Stage (Stage of Jlafndly Changing / Waves) Wiiii ihc 
disappeirance of tlic R T dcviition the T tiate bcconicj jmciicd m 
Lead I md tipiight in I cad III with i left axis dcMiUon or untried 
in Leads I md II if no axis devnnon exists (Hg 22 B ) These T txivts 
often ln\c 1 cos c shaped configuntioii and the iiiscrsion is deep the) 
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cliauge considerably in amplitude and depdi o£ imersion m tlie course 
of a few dajs or a week The T i\a\e m IVj. is also deepl) imerted and 
is often of considerable arnpIitude-^-i (at times 15 to 30 mm) (Fig 23 
B and C, Lead IV^) 
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undergo relati\ely little cliange in tlte course of jears. Tj in the chronic 
stage is usually intericd. It may, however, become flat or even upright; 
T4 mirrors closely the direction of Tj. 

The initial upward delTcction of tlie chest lead which usually {lIs- 
appears in the acute and subacute stage often does not return even in the 
healed stage; not infrequcntl) it may return jwrtially (2 to j mm.) and 
occasionally may be restored to its original amplitude. 

4 . Variations of the Usual Pattern of Anterior Infaiction: The fol- 
loiuiiig deviations from the typical |)aitcm in anterior infarction aie 
obscrv ed: 

1. The R-T cliaiigcs may be absent in the limb Rads and only observed 
in the precordial leads. 

2. The electrocardiogram of the limb and precordial leads may be nor* 
mai for several days after the inception of precordial pain and the cJiangcs 
may later appear gradually 

3. The infarction may be so gradual that R>T deviations arc entirely 
absent: Only inverted T vvaves in Lead I arc observed in successive electro 
cardiograms with cnrrcspoiiding tmcrsioti of 1%. 

1. Following upon an old jiosicnor infarction, die liml> leads may slinw 
a deep Q3 and the amplitude of the Q'R*S may be lovs m all leads, including 
tlic clicst lead, 

5 Tlie initial upward deflection in IVj. may be prcscrvcil in the acuic 
stage and the only evidence of cuionary occlusion arc diaractcrisiic changes of 
die T wave in limb and precordial leads. In thb pattern, the T waves aic 
often very' tall. 

Cases of coronary occlusion have been observed presenting clcctrocanlio- 
graphic patterns in wliicli die R-T segment is elevated in Lead I and depressed 
in Lead Hi, or cove shaped inverted T waves appear in Lead I with upright 
T3 associated with iiiainiciiance of the initial upward deflection in Lead IVf 
diroughout the acute, subacute and clironic stages of infarction. Necropsy 
examination in such cases has rcvcalal die infarction to involve the anterior 
wall of the left ventricle away from the a|x:\ or the antcrohtcral wall of die 
left ventricle vvidiout Involving die ajicx. 

6- .\nodicr variation is that die initial upwaid deflection may be present 
in the initial tracings and disappear only gradually after a jicnod of scvtral 
days. 

7. In the presence of bundle brandi block either preceding or concurrent 
wiili the infarction, the patteni is often atypical (sec page 671) . 
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5 Eleclrocardwgraplnc Patterns Simulating Acute Interior Infaic 
lion The foUouing conditions must be diffcrcniiatcd from interior 
infarction 

1 Small or absent initial upward dcncction in iIil clicsi lead not due 
to anterior mjocardial infarction The miiiai upward dellccuon nia) be 
c’circniel) small (imj may enurely disjpjscar if die prcconbal electrode is 
mo\cd upward and to the rij,ht of die apc\ (I to 2 mni ) in paiicnis basing 
stsere myocardial disease insohing die left leninclc (eg hypertension aortic 
msunicicncy luetic heart disease with cardiac enlargement) whcie a marked 
n^ht a\is dcMation is present and m the common ts{ic of bundle brancli block 

2 Elccirocardiograjibic clnngcs produced by digiialis”*’ If the T wascs 
were originally upright this drug depresses the ST micnal in all duct hmb 
leads m the presence of a bicirdiogram it results in a depression of S 7 ^ aiul 
clcsitton of With a left axis dcMation In the presence of pieitiush 
inserted f wises and in myocardial disease die typical digitalis elltcis are not 
dearly recognized in die indirect leads However the ST deviations obscned 
are not likely to be confused widi the pattern observed in anterior infarcii m 
They simulate mure closely the deviations observed in ]>osicrir)r mfirction 
Confusion is most apt to result in the precordi il Icids vvbcrc digitalis Ins beat 
given to patients Inving a small or absent initial upv ard dtficciion not due to 
aaiic myocardial infarction W uh an extremely small (I to 5 mm ) or absent 
initial upward deflection digitalis results m an elevation of the S>T segment 
m Lead 1V|> thus giving a picture icscinbliiig an acute anterior inhrniOii 
\Micic (he initial upward deflection is sinill or absent due to an old anterior 
infarction tiic digitalis R T elevation may give a picture resembling in acute 
anterior infarction The diifereniial diagnosis is made by the historv bv the 
RT deviations in tlic limb leads (these differ in digitalis and anterior infaic 
lion) and its assocvitvon with sliote QT intervals (iliesc differ in two cotidt 
lions) and by the subsciyucnt course, bcnal tracings m myocardial disease 
present an entirely diffcient pattern from that due to digitalis effects 

3 \aitc Pericarditis In uncomplicated cases acute pcricaiditis can 
cosily be differentiated from acute anterior infarction since in the former the 
initial upvsard deflection is absent m Icatls Hy and IVj, and is elevated in 
the old Lead VI Moreover Uic findings in the subacute stage cove-shaped 
7 wave and tall amplitude V waves art absent in acute pcncardiiis 

6 Posterior Myocaultal Infarction Posterior niyocaidnl infarction 
(Fig 2 j) IS due to occlusion either of tlic ctrcuinllcx branch of the right 
coronary artery near its orifice or the posterior descending bnncli in ibt 
region of the crus (jiincuon of right cttciimflex with jxistcrior descending 
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brancli oE right coronary aitery). The typical pattern observed in such 
cases is as folloAVs: 

1. Acute Stage (stage of R-T deviation): The R-T segment is 
depressed in Lead I and eletnied in Leads II and III, or in Lead III alone, 
in the presence of a left axis deviation (Fig. 24 A) . ^Vith a bicardiogram, 
the R-T segment is elevated in Leads II and III: The R-T segment of 
Lead I is unaffected. A Q wave is often obseived in Lead III, or Leads 
II and III. This is often refened to as the T3, or Q3-T3 type of 
Q-R-S-T change. The precordial Lead IVf shows a depiession of the 
R-T segment without change in the initial upwaid or dotvnwaid deflec- 
tion. The R-T deviation m IVp (mirror image of old Lead V) is usually 
greater than in IVn (mirror image of old Lead IV) . 

2. Subacute Stage (stage of rapidly changing T waves) : With tlie 
disappearance of the R-T deviation, Tj tends to become upright. T« 
and T3 inverted; these are often cove-shaped (Fig. 24 B) . T3 and 
(IVp) often show marked increase in amplitude (Fig. 23 C) . The depth 
of the T wave Inveision and incieased amplitude tends to diminish as 
healing progresses. 

3. CttRONic Stage (stage of permanent change in Q-R-S-T com- 
plexes) : In die chronic stage, die To and T3 often remain inverted or 
To may return to an upright configuration. Q.> and Q3 if present in 
the acute and subacute stage, become smaller. Frequently Q3 persists 
permanently but it may disappear entirely. T4 returns to normal. In 
the healed stage of a posterior infarction there is often little and may 
be no electrocardiographic evidence of a previous coronary accident. 

4. Variations of the Usual Patter.xs is Posterior Istarctios. 
The following deviations from the usual patiein of posterior infaicdon 
are observed: 

(1) Where the occlusion develops gradually, the R-T deviations may 
not develop until two or three days after the inception of precordial 
pain. They may be entirely absent and only inverted T waves may be 
observed. In the slowly developing occlusion. R-T deviations may be 
slight or absent in die precordial leads. 

(2) Where diere has been a previous old anterior infaiciion, acute 
infaiction of the posterior wall is characterized by the typical changes 
enumerated above. In addition, Tj may be inverted and there is fre- 
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quently an absence of the initial upivard deflection with some depression 
of die R-T segment, diese additional findings being a result of an old 
anterior infarct. 

(3) Posterior infarction, even when it develops suddenly, not infre- 
quently fails to produce R-T deviations in the prccordial leads, aldiougli 
manifesting characteristic changes in tlic indirect leads. These may at 
times be elicited by shifung the precordial clectiode to different poiiions 
of the precordium. 

5. ELECTROCARDIOGRArillC PATTERNS SlMUL/VriNC ACUTE POSTERIOR 
Infarction: The electrocardiographic changes in posterior infaredon 
aie to be differentiated particularly from digitalis effects. In the presence 
of a bicardiograni, the differentiation is usually not difficult, since digitalis 
usually produces a depression of the S-T intervals in all tliree indirect 
leads When digitalis produces T waves that arc of Uie myocardial type 
(<T. g., with upuaid convex S-T imcivals) , the differentiation is more dilfi 
cult. Even so. there are differences which make the differentiation pos- 
sible Posterior infarction causes an elevation of T2 and T3 winch is not 
pioduced by digitalis in a bicardiograni. If no elevation is present, die T 
waves are usually more deeply inverted and coved in occlusion tlian they 
arc uifh digitalis The prcsciiceofa ccttspiciious Q nate m Lead III is 
frequently observed and is characteristic of an occlusion; this change Is 
not produced by digitalis. 

Witli left axis deviation, the R-T deviation in Leads I and III pro- 
duced by digitalis may be similar to those of posterior infarction. How- 
ever, digitalis frequently shortens the Q-T interval and presents a tyin: 
of R-T deviation (upward concave rather than convex) which is fre 
quently typical. 

The precordial rather than the conventional leads often furnish the 
best evidence for differentiating between occlusion and the effccu of 
digitalis, in the absence of left axis deviation. The R-T deviations show 
a higher elevation in IVr than IV®. The reverse is true in posterior 
infarction. In the presence of left axis deviation, this diangc is not 
present and, therefore, of no differential help. The difTerentiaiioii must 
be made on such findings as tlie prominent Q waves in Leads II and IH 
and appearance in the subacute stage of cove-shaped deeply inverted I 
ua,cs in Lead II and III and high amplilude naies in die chest leads 
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a ANTEROPOSTERIOR MYOCARDIAL INFARCTION 
The anteroposterior t>pe of myocardial infarction (Fig. 25) is due 
to occlusion of anterior descending branch of the left coronary aitei) 



FiCLRE '>b Aiucroposicrior m)OC 3 nljaI infarction Features of Ijotli amenir mcl 
posterior infarction 3i4 wn ^ "is taken 2 f houre after the o^ci of aaiie ptecordnl 
pain Note slight depression of S Fj and delation of S Tg and S T, and (he presence of a 
Q Mate m Leids 11 and III fVr 'hons a ict> small R uase lulh shghiU elevated R I 
segment The presence of cle'ated RT segments in H and III pjj'S a Qi and Q3 aie 
evidence of posterior infarction The slightly dialed ly and small R4 suggest anterior 
involvement B was made three weeks after i and To are now inverted iv.ih absence 
of R.T devation Q, is small but Q3 « ddiniie "lUi tery slight deviuon in this lead 
Note very small R^ave m iV^ and deeply inverted T wave of co.iMdcrable imphtudc 
in tins lead 


The posterior rvall of the left ventricle as well as the anterior wall and 
apex is imolved in those hearts iiliere tins branch supplies a considerable 
portion of tire posterior trail of the left rentricle near the apex and rvhere 
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the blood supply to Lius region b> oilier aruncs is niadequiic Flic laiier 
results ivlien the ixjsterior descending brancli of the right coronar> 
artery is small or it may be a result of a previous jxisterior occlusion 



Fif LKE 2.1 r « III idc three i ccU alicr B The rindinK* arc umiUr «o lho<< »hoi ti 
in B except that the inici^ion of Ti and T*. is slightly less deep Tlicrc is a slight 
increased R "-ate m 1\ r an‘l i*** ht«de ol the inverted T v aves ts K>me«hai 
X> latcn 17 davs after C shon-s Tj to be upnqlu I tit of diminisl cd amplitude The 
Q w-aves of I.£a I III are prom ncni \ smUl R wsve i* ofiserval »n IV r aikl ihc fir 
meilv inverittl T nave has now liecome tipnght These represent the mavimurn dtan^cs 
in this case No further improvcracni was noted. 

The clectrocaidiographic pattern prcsems clnracicrisiics of ncute anterior 
IS well as posterior infarction Tlic RT segment is elevated in all three 
hmb leads greatest in Lead II. a Q wave is present in Lends II and HI 
the initial upward deflection is absent and the R T segment is c/eiatctl 
in Lends IVr and IVp -15 Evidence of posterior involvement is imh 
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cated b> ilie elevated RT 6 eg>nenL in Leads II and 111 and tlie Qo and 
Q 3 ; anterior by the elevated RT segment in Lead I and the absence of 
the R wave and elevated R-T segment m IVp. 

Tlie diief conditions to be differentiated from tins t)pe of infarction 
IS acute pericarditis This can usually be done successfully through tlie 











TicvKZ 26 Laccrai infarccioti /t, .Note die sItghOy iinericd Tj iwtJt slighiJy 
Jcprc'.'cil R T segment and slighil) elciaied T3 with a left axis deviation tVp shows a 
maintenance o£ ilic R wave with dchniicl) deptesseil RT segment and tendenev to 
inverted T This Iraang was uWen 56 hours alter the onset of acute precordial pain 
C was taten lour da)s after A Note the T wave in Lead I is now definitely invert^ 
with only a slight tcndcnc) to depression ol the RT segment T3 is upright with slight 
elevation of the RT segment The T wave in Lead IVp is definite!) imcrtei! tlie R T 
segment is only slighclv depressed C was taken three weeks after Zl Ti is now upnght 
T^ is now upright and T3 is somewhat flat No R T deviations are observed, T4 is now 
upnelu and no devntioiis of tlie R I segment arc observed This leprescnu die chronic 
stage of the infarction Ev idences of a prev lous coronary occlusion could not be rccognirra 
from this iraang alone This emphasues the importance of taking serial traangs in the 
presence of precordial pain 

fact that in acute pericarditis, Qo and Qj are absent, the initial upward 
deflection is present m IVj. and IVb and the t>pical coving and tall ainpli 
tude T waves of the chest leads are absent m the subacute stages 

D. INFARCTION OF LATERAL WALL OF LEFT VENTRICLE 
The pattern observed in infarction of the lateral wall of the left 
ventricle (Fig 26 ) was recently described b> ^Vood, W'^olferth and 
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Bellet -17 It IS due to occlusion of the circuinnex brancli of the left cojo- 
nar) artery ivhich supplies the lateral wall of the left \entncle and i por 
tjon of die posterior i\iU The main features are 

V depression of the RT sei,nient in Leads I and II a depression of 
R S T in IVr and preserr-ation of the initial upu-ard defiecuon and an 
absence of the signs of posterior infarction in Lend III With healing 
nil the signs disappear nnd the elecirocardiogram ma> return entirely to 
normnl (Hg 2G C) Infarction imoKin^ the anierohteral uall of iht 
left yentricle without in\oIving die apex ha\c shoun an clccirocauho* 
graphic pattern characterized b> R T eIe\ation m Lead I R T depression 
in Lead III yvidi a preservaiioii of the initial upuard deflection in IVp 
throughout die acute subacute and chronic stages of infarction 

The electrocardiographic pattern of lateral infarction might be con 
fused avidi that of posterior infarction pulmonary embolisin and digitalis 
effects Posterior infarction can usuaU> be diffeveniiaied because it has 
a significant Q3 and elevation of RSTo and RST-j Pulmonary embo 
hsm differs in that Tj is usuall) upiight T3 nuericd a Q3 is often 
present and a deep Si is frequently obsciacd ividi a tendency to right 
axis deviation 

Digitalis effects often may be ruled out in die manner similar to that 
described under posterior infarction At umes houc\er 11 may be diffi 
cult to definitely make this differential diagnosis from the elcctiocardio 
graphic findings alone 

E CONDITIONS UNDER WHICH THE ELECTROCARDIOGRAM FAILS 
TO REVEAL EVIDENCE OF MYOCARDIAL INFARCTION 

The diagnosis of myocardial infairtion may not be indicated by the 
elecirocaidiogTam under the lollosMUg ciTCUtnstances 

1 The electrocardiographic cliangcs may be so evanescent that Uiey may 
fad to be recorded if too few electrocardiograms arc taken If late m apjiear 
aiice they may fad to appear in earlier traangs For example the maxiimim 
electrocardiographic alterations after anterior infarction at nines do not 
appear until 24 to 48 hours or even longer after die occlusion In such 
instances tracings taken immediately or soon after the onset of pam v^ould 
shou little change 

2 The presence of RT dcviauons due to diguahs mav amfusc the 
diagnosis 

3 In the presence of bundle-branch block R F deviations nrc often 
observed independent of rnfarciion and in left bundle bnncli block ihc R 
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wave of IVj. is cxireinely small (1 lo 3 nun) These factors render the diag 
nosis of xajocardial infarction difficult Honeter, the complete absence of ilie 
R wave in Lead IVp and the presence of marked RT deviations m limb and 
prccordial leads are of help in the diagnosis 

1 The presence of low amplitude waves in indirect leads results in cor 
resjiondingly small RT deviations whicli may not be readily recognizable 
tlie findings in the precordiaf leads however, may be helpful and definite 

5 The presence of auricular fibrillation by deforming the RT segments 
nia> liindcr the diagnosis under these circunistanccs the prccordial leads arc 
also of help 

6 In the piesence of ectopic rh^tliin with aberrant ventricular complexes 
(c g, ventncular tachycardia), the recognition of an acute occlusion is often 
impossible 

7 When die infarct is small has as yet not readied the epicardial surface 
is located m the septum or some silent area whidi affects the indirect and tlie 
usual precordial leads sliglaly or not at all the electrocardiogram may fail to 
icvcal evidence of infarction In such cases evidence of relatively rapid 
diangcs in the configuration of the T wave without ST deviation diaracter 
isiic of infarction in the presence of a suggestive history is to be considered 
as verv suggestive evidence of coronary occlusion 

VIII ACUTE PERICARDITIS 

Acute pericarditis due to various causes (e g , rheumatism pneumonia 
various septic conditions, intrapencardial rujiuirc of aneurysm md 
uremia) , often produces an eiccirocirdiograjihic pattern that is quite 
chanctcnstic -*0 The clectrocardiognpliic findings irc explained in most 
instances by tlie het that tlie innamination is not hnmed to the pen 
cnidtum but spreads to and affects the subepicardial portion of ibc 
myocardium The muscle injury thus produced and not pericarditis 
per se is therefore responsible for the electiocardiognpluc aUcniions 
observ ed 

A THE ACUTE STAGE (Stage o£ R-T Deviation) 

The pattern is cliancteri/ed by an elevation of the R T segments in 
three leads or it least m Leads I and 11 by elevation of R T in I\V 
and IV'b and elevation of the old RTvi and by a prescivation of the 
iimial upward deflection in IVb and IVf (fig 27) 

B SUBACUTE STAGE {Suge of Rapid T Wave Changes) 

The RT elevation graduilly disappears and gives way to inverted 
T waves in Leads I and II or all three leads {Fig 27 D) 1 hesc T waves 
show only slight to moderate inversion and do not present the cove shaped 
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configuration of subacute infarction, nor arc \cry tall T ua\cs obserrcd 
in tins condition. Occasionally ilie elevated R-T segment changes to a 
normal upriglit T \va\e without going ihiough tlte stage of inversion. 



ric-tRE 27. .\cuic pcricardni*. .1 was latcn 2t liouo after diagnwij of acute |x.ricar- 
ditis ttaj made. Tliis tracing »liow» the lipiol pattern obsened. Uccaute the old Lead VI 
giics important information, the chcil leads snown t\cre made by the original method. 
The R-T segment m all three leads is eJoateJ. The R-T segment of Ixatl IV is depressed 
surA rfre n ntnrrenancc af cAis mieett tAr*<rA^n# R-T W h 

The R-T segment of Lead V 1$ only sjigjtriy dqsresscd D s^as taken tour «*ccks after J. 
Note that Tj and T2 arc now deq>ly imcrieU and possess a somenhal cotc-‘haped con- 
figuration, resembling to some cxieiii that oli'cncd m anicrmr myocaidial infatction; 
Tlie persistence of the initial dcfltctioo in Lead V is the Uiicf differcniialiiig i>oinl. The 
segment IS no longer dctiatcd in the prccocdial leads Iht^c findings are oliscrscd diiiitig 
the suliaciite stage of ihe m)oardiai change, incident m acute [xricardais. C was taken 
eight months after B. 1i and Tj aic now iipngltt. Leads IV, V, and VI are now nonnal. 
The entire iraang has now returned to a nemoal confip'raiioii. Tlie Ir.iting alone would 
gne no clue to the previous presence of a serious heart lesion. 

C. CHRONIC STAGE 

Tlie inverted T wave may be permanent. In many instances ihc) 
gradually become flattened ami finally return to a normal upright con- 
figuration (¥ig. 27 C) . Tile T wave changes iw titc pvecowUal kaeU closely 
follow liiove of the limb leads. 
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All of these stages are not often observed m the same patient In 
certain etiologic types, c g, pneumonia and septic stages, only tlie acute 
and subacute stages are observed, since survival is rare Tuberculous pen 
carditis usually begins insidiously and is therefore, not seen until the 
subacute stage is established The chiomc stage cm also be studied as a 
rule, Since the disease lasts at times for long periods and occasionally 
ends 111 recoveiy RT devnlions in tuberculous pericarditis is rare In 
cases of rheumatic pericarditis one may be able to obseive ill three 
stages in the same patient 

The differential diagnosis in tins condition is to be made from anteio 
posterior myocardial infarction this has already been discussed Tiie 
only circumstances in which this diffeientntion is difficult is when the 
pericarditis is associated until myocardial inhrcuon 

IX. PULMONARY EMBOLISM AND COR PULMONALE 
The electrocardiographic dianges m pulmonary embolism are due to 
two factors The presence of right ventricular strain and tlie associated 
anoxemia In its fully developed form the electrocardiogram is char 
acterized by a slightly low oiigin of Tj, a depression of the S T interval 
m Lead II, a prominent S wave in Lead I, a Q3 and inversion of T3 
The Q T interval is lengthened m some cases Lead IVr shows a depressed 
R T segment with no change m the initial upward delTection IV'itli 
recovery those changes that arc present completely disappear -*8 JO 
The changes above described are observed only in Uiose cases of 
pulmonaiy embolism where the embolus is large They are to be expected 
in only a small number of cases In many only a right axis deviation 
or a Qg is obsened In some instances no striking changes are present 
The right ventricular strain pioduced suddenly by acute pulmonary 
embolism can be gradually produced by chronic changes in the lung 
parenchyma, by arteriosclerosis of the pulmonary artenes or by obstruc 
tion to flow of blood from the right heart in congenital and some forms 
of acquired heart disease Tlie most important finding in the electro- 
cardiogram in such conditions is a right axis deviation 

X THE ELECTROCARDIOGRAM IN ALTERED 
METABOLIC STATES 

A Diabetic Acidosis In diabetic acidosis the myocardium may be 
profoundly affected In practically every instance of coma and in most 
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cases of lesser grades of acidosis, the electrocardiogram is definitely and 
rather characteristically changed.23 The unusual feature of this is that 
die maximum degree of abnormality dcselops not at die height of the 
acidosis but some 24 hours later when die blood chemistry findings hate 
relumed to nonnal. The rather distinctite alterations obsened arc 
lengthening of the Q-T inter\als, imersion of Tj and To and depression 
of the S-T interval. One or more of these changes are obserted in nearlj 
all cases of diabetic acidosis in uhom seteral tracings are taken. These 
changes return graduall) to normal, usually tviihin a tteek after recovery 
from die acidosis. 

B. Acidosis (Nondiabetic): In cases of nondiabetic acidosis, in- 
version of T naves in Leads I and II have been observed. These returned 
graduall) to normal with improvement in the acidotic state. 

C. Alkalosis: .AlLalosis produced by voluntary ov erv endladon or b> 
ingestion of sodium bicarbonate may result in a reduction of die amph 
tilde of die T waves. Lengthening of the Q-T interval has also been 
observed. Tlie chemical changes must be quite marked before electro- 
cardiographic alccrauons are produced. 

D. Hypoglycemia: The effect of hypoglycemia upon the heart de 
pends to a large extent upon the cardiac status. In the presence of 
already existing m>ocardial disease, severe additional damage may result 
Serious electrocardiographic alterations have been recorded during die 
hypoglycemic state in such patients, e.g., inversion of Tj and T»; depres- 
sion of die S-T scgniems: ventricular extrasystoles and auricular 6bnl- 
lation Tliesc changes are not always reversible.SO 

In nonnal hearts, the effects of severe hypoglycemia has been studied 
during the insulin shock treatment of sdiizophrenia.3l In this sute, 
the blood sugar is reduced to 10 to 15 mg per loo cc., this level being 
maintained for several hours The electrocardiogram in such patients 
shows changes in about 50 per cent of cases. Tliey are of a less severe 
grade than in patients widi diseased hearts and consist of flattening of 
die T wave, depression of the S-T segment, lengdiening of die Q-T in- 
terval, sinoauricular heart block and rarely, auricular fibrillation (2 out 
of 40 shock treatments) . 

E. Hypocalcemia: In hypocalcemia, when the level of die scrum 
calcium drops to a figure belou 6 to 7 mg. per cent, changes arc obsened 
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profoundly affects Uic heart, the clianges that occur in the clctiiocaidio- 
gram aie not discussed heie since they are getierally thought to be the 
result of chronic effects rather than the acute disease. The clungcs 
observed are in man) instances reversible and disappear with the teunina- 
tion of the infection. In otlier t)|)es, particular!) rheumatic fever, 
permanent cardiac damage results. The electrocardiographic changes in 
the more important infections will be described below. 

A. Rheumatic Fever: In rheutnauc fever, certain changes arc ob- 
served willi the acute and active stage of the disease; others with the 
chronic stage 53. .T-i 

(a) In the Acute Stage- It is to be pointed out that not all noi even 
an) of the following changes need necessarily be piescm. However when 
they do exist, tliey may be of considerable diagnostic and prognostic value. 

1. R-T Ellvation: These ma) be the result of large areas of focal 
m)ocarditis, often apparently, Uic) arc due to subepicardial involve- 
ment of the m)ocaidium, secondary to acute ilicuinatic pericarditis. 

2. T ^Vavl CttANCCs: The T waves may be of low amplitude, 
diphasic, inveited, notched and occasional!) they manifevt birarre sltapcs 
that are difficult to describe. 

3. Conduction Disturbanccs* The most frctiuem and consistent 
change is prolongation of the A-V conduction. This is frequently so 
transient that it may be present one da) and absent the next. Higher 
grades of A-V heart block, 2:1, 3:1 are infrequent: complete A-V heart 
block is rare. Bundle branch block is seen occasional!). 

4. Arrhvthmias Various arrh)ihnHas may be obscived. Exiras)s- 
toles are frequent, sinoauriciilar heaic block, auricular fibrillation and 
flutter arc occasionally encotinieied 

(b) In the Chrome Stage All of the cliangcs ma> disappear with 
subsidence of the acute disease and the cleaiocardiogram icturn entirely 
to normal, usuall), however, some diaiigc remains pcrinanentl). Where 
the m)Ocardial damage has been considerable, inversion of the T wave 
and auricular fibrillation may persist if they onginall) appeared during 
the acute stage of the disease or they may appear as a development 
in the course of iheumaiic heart disease long after tiie acute process 
has subsided. Oilier arriljthiiiias may also appear. Widi sarious vaUular 
lesions, .i.\is deviation may become a pcnnanenl tliange: Right axis deii.t- 
tion uith mitral stenosis and left axis dcsiation tilth aortic disease. The 
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P waves may be notched and their base broadened widi severe auricular 
muscle damage. Bundle branch block, right and left, may develop as a 
result of scar formation in tliesc regions. 

B. Scarlet Fever: Occasionally, scarlet fever produces the same 
cardiac clianges tliat result from rheumatic fever. When this is tlie case, 
the same electrocardiographic changes that develop in rheumatic fever 
may be seen. In our experiertce, Urey arc apt to be less severe. 

C. Acute Nephritis: Acute glomerulonephritis, particularly as it 
occurs in cliildren and young adults is not to be considered as a local 
condition involving only the kidney, but rather a systemic disease in 
vvliich many organs including Uie heart may also be involved. The smaller 
blood vessels throughout many of the organs of Ure body are the seat 
of acute changes. Evidence of cardiac involvement may be noted clinically 
by cardiac enlargement, tachycardia, alteration of heart sounds and even 
congestive failure. The electrocardiogram often presents evidence of 
severe myocardial damage,'? Tj and Tj may be flattened or inverted; 
Uie P-R interval prolonged; the initial upward deflection in Lead HV 
may be considerably diminished in amplitude and T^ may be inverted. 
While all of these changes may be seen in Uie same individual, this is not 
often the case. Usually electrocardiographic changes are not marked and 
occasionally, none may he seen. Changes ti?at are prodaced may reiiJH) 
to normal with diminution of the infection. 

D. Pneumonia; Pticumonia may produce severe cardiac damage; in 
some instances, death may result from this catise. Evidence of myocardial 
derangement may sometimes be revealed by serial elecitorardiographic 
inicings.3<> R-T elevations are usually the result of myocardial involve- 
ment due to spread from a pneumonic pericarditis and when present 
should suggest tins condition. Flattening* of Uie T waves and depression 
of the S-T interval, prolongation of tlie A-V conduction time and sinus 
bradycardia (rate lo pei* minute) are not infrequent. Manifestations of 
severe myocardial derangement such as actual inversion of the T wave, 
the inception of auricular fibrillation and flutter arc much less frequent; 
when they develop, they indicate a poor pix^nosis. Since, with tlie excep- 
tion of pericarditis, these changes are a result of toxemia, are usually 
reversible and disappear vrith the subsidence of the disease. However, at 
times these changes along with clinical evidence of myocardial weakness 
may persist for some time. 
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E. Diphtheria: Diphtlieria not infrequently affects the heart muscle. 
It pioduces a severe type of interstitial myocarditis and is accompanied 
by an intense grade of myocardial degeneration. 

In 50 per cent of 15 cases of severe and moderately seveie diphtheria, 
inversion of T waves were observed during tlie acute illness and in con- 
valescence; these leturned to normal after several ueeks.so Disturbances 
of intraventricular conduction have also been observed; tiiese have been 
ascribed to toxic depiession of Uie conduction system. Prolongation of 
AV conduction occurs not infrequently. In 19 cases of complete heart 
block occurring during die course of acute diphtheria, all terminated 
fatally.OO 

If the disease is suivived, electrocardiographic and clinical evidence 
of heart disease disappear. 

XII. THE ELECTROCARDIOGRAM IN HYPERTENSION, 
CHRONIC NEPHRITIS AND UREMIA 

A. Hypertension : Tlie electrocirdiogram is quite characteristic with 
well established hypertension. Tliere is usually a left axis deviation, fre 
quently a small or moderate Q wave in Lead I and T wave inversion in 
Lead I or Leads I and II. The S-T interval is usually indistinct, beginning 
to slope downwaid immediately after die completion of the S wave. While 
not maikedly coved, it is generally upward convex to some extent While 
it IS somewhat unsettled as to whedier these alterations are a result of 
muscle strain and fatigvie or insufficient blood supply due to the fact 
that die capacity of the coronary circulation is overtaxed by die increased 
mass of the hypertiophied muscle, or by actual change in die coronary 
arteries, die fact remains that Uiese electrocardiographic changes are quite 
constant and characteristic. 

B. Uremia: In chronic nepliriiis and uremia, we are usually dealing 
with a heart which has been subjected to the strain of hypertension and 
accompanying changes for a long time. As a result, die heart is usuallv 
considerably enlaiged and often die seat of various grades of myocardial 
disease. Electrocardiographic diaiacteristics of hypertensive heart dis 
ease (left axis deviation and inverted T waves), are therefore usually 
seen ^Vidi letention of nitrogenous pioducts, additional seveie acute 
degeneration of die myocardium may lesult.oo With this, the electro- 
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cauliogram usually becomes more abuortnal. If die T waves vscrc noi 
already inverted, die> are apt to become mote abnormal. If origuwlJy 
upright, dicy may invert. ArrhyUrmias {e.g, sinoaurkular heart block, 
and nodal rhyduu) are occasionally encountered. With the onset of pen- 
carditis, R*T elevations may be noted in limb and precordial leads. 
While it is difficult to describe all the variations, it is our experience 
Uiat serial tracings made during long-standing uremia tend to shou a 
progressive increase in the seventy of the electrocirdiographic findings. 

Xlir. THE ELECTROCARDIOGRAM IN AVITAMINOSIS 

Disturbances of cardiac function may develop as the result of an 
unbalanced food iiual.e, particularly when there is a deficiency of vii.» 
min Bj. Previously nonnal as well as diseased hearts may be affccicd 
The cardiovascular manifestations are asciibed partly to involvement 
of the nervous system and partly also to change in the heart muscle 
111 severe cases, right and left-sided failure may icsuh. The chief changes 
observed are simple tachycardia, sinus bradycardia, T wave ciiangcs (fiat 
tening and inversion of and To), low nm]>Htudc of the ventricular 
complexes and lengthening of tlic Q-T interval. With rest, and a sunahlc 
dietary regimen, the evidence of cardiac abnormalities often rajiidly 
disappcar.oi 

Pellagra is often associated with evidence of cardiov.isculjr abnuimali 
tics, dyspnea on effiort, palpitation, t.ichycaidia and slight edenn Feil,'^-^ 
studying the clccirocaidiograni in cases of pcllagia, noted inversion of Tj 
and T.j, elevated and cove-shaped R*T segments and prolongation of the 
Q-T interval. 

XIV. THE ELECTROCARDIOGRAM IN ANEMIA 

Anemia, if marked and proloiigctl for any ]>crio<l of time produces 
changes in the heart muscle; among ilicsc arc cardiac enlargcinciii due to 
dilatation and fatty dcgcnerniton. 

The commonest cltcirocaidiographic changes ate alterations in the 
T \\.ive (depressed ST segment and imersion of Tj and Tm). .\od.il 
rhythm and Icugtlicning of the Q-T interval have also been observed 
The severity of the cleciiocardiographic changes ap|x?.nr to be related to 
ilic degree of anemia and usually Iiavc been found to rettiin to iiorm.iI 
with impiovemeiu in the blood ptcturc.63 
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XV. THE ELECTROCARDIOGRAM IN CARDIAC SYNCOPE 

Sjncopal attacks are not particularly tommon in heart disease. ^Ve 
hate already referred to syncope as an occasional manifestation of \cr)' 
rapid Iteart rates particular!) auricular liiiucr uitii a i:i A*V ratio. We 
wish under this heading to refer to tuo other \anctics of syncope in uhich 
derangement of the normal cardiac mccltanism plays a lolc. These are: 
(t) The syncope occurring in Siokcs-Adams seizures, and (2) that pro- 
duced by vagal impulses tthich originate in the carotid sinus. The former 
IS always seen in severe heart disease; the latter may develop in the pres- 
ence of entirely normal hearts. 

A. Stokes-Adams Seizures: Stokes-Adams attacks are due to cither 
failure of normal ventricular contraction m die course of complete A-V 
heart block or during tlie transition from normal sinus rhythm or jiartial 
block to complete A-V heart block. Periods of asystole, lasting three 
to nine seconds aie sufficient to produce syncopal attacks alone or accom- 
panied by convulsive seizures. The following mechanisms luvc been 
recorded by the electrocardiograph during such attacks: Prcnbrillaiory 
types of vciurtcular tachycardia; ventricular fibrillation; ventricular 
standstill viith continuation of auricular beating and standstill of the 
whole heart. These may occur singly or in various combinations; ail of 
these may at one time or another be observed in the same patient. 

B. Carotid Sinus Syncope; Another type of syncope occurs in man 
due to vagal reflexes which ongiiiatc m the carotid sinus These arc 
often the result of reflex disturbances from an cxiracardi.ac location and 
occur in patients with normal rhythm. They occur spoiuancously, cm 
be induced by carotid sinus pressure .and may be abolished by atropine. 
Three types of carotid sinus syncope, tlcpcndlng uj>on the dilTcrent path 
way involved, have been described o-* 

(1) The Vagal Type’ In this variety symptoms result from cerebral 
anoxemia Tlie laitei is prodticeti chiefly by a diminution in the number 
of ventricular contractions which results from vagal influences on the 
sinoauricular and auriculovcnlricul.ir nodes. Associated wiili this, is a 
fall ill blood pressure If the vagal effects arc slight and only produce 
a moderate slowing of the auricles, tlie symjiionis will he slight. How- 
ever the clcctrocardiogr.nn reveals that the vagal effects may be m.itkctl 
and may result in complete suppression of auricular coniraciions or m 
varying grades of partial or complete A-V hc.iri block during periods of 
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stimulation. When these responses occur, cerebral anoxemia is sufTicicnt 
to produce s)ncopal attacks. 

(2) The Depressor Type: This form is lare by itself; it usually oc- 
curs in association ’ivith the other ttvo \arictics. The afferent impulse 
IS set up as in Uie vagal type from the carotid sinus uhile the efferent 
impulse acts on small blood \esscls by \«iy of the aortic depressor ner\es 
The symptoms result from primary reflex, vasodilauition and secondary 
depression of the blood pressure, entirely unrelated to cardiac slouing 
and cardiac airhythmia. Atropine has no effect on the signs and symptoms 
since they do not result from cardiac slowing. 

(3) Cerebral Types: The symptoms result from impulses that tra\el 
directly to the brain. No significant changes occur m tlie heart rate or 
blood pressure and die total flow' of blood through the brain is normal. 
Neither atropine nor cpinephiine help these attacks. 

XVI. ELECTROCARDIOGRAPHIC CHANGES PRODUCED 
BY DIGITALIS 

This subject is discussed and illustrated in Cliaptcr XXXVl Foi this 
reason, it has been leferrcd to only indirectly. 
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CHAPTER XXIX 


ROENTGENOLOGY OF THE HEART 
AND GREAT VESSELS 

By Alexander M \rcouiis M D 

Introduction A cnticnl suney of the pment witli cardiac disease is 
incomplete ^vitliout a careful roentgen examination of the heart and its 
pedicle Considenble kiiouledge has accumulated since the introduction 
of the method so that the opinion of Sir James Mackenzie concerning 
Its lack of helpfulness ini> now be safely disregarded Compared with the 
physical examinition the information to be dcrued from die use of the 
xrajs may be confiiinaior) contradictory additional and e\cn uncx 
pected Considered alone however it may fail at umes to be diagnostic 
and rarely may be misleading Preferably the roentgen examination 
should be performed by the clinician so diat he may correlate the find 
mgs with diose obtained from odier methods of examination 

A careful roentgen study should include observations of the posiuon 
and mobiht) of the heart the cardiac and vascular configurauon and 
distortion due to generalized or localized enlargements or abnonnal rota 
lion the character and extent of the pulsations the presence of abnormal 
densities such as calcification m die aortic wall pericardium m)o&ardiura 
valves and coronary arteries the presence of abnormal hilar pulsations 
and densities and pulmonary congestion Last and perhaps most im 
portant is the measurement of heart size 

These observations may be influenced or even rendered ineffectual! 
by such conditions as chest deformities pneumothorax pleural effusions 
abnormal densities in die lungs atelectasis adhesions abnormal Iicight 
or mobilii) of die diaphragms herniation of die stomach or intestines 
dirough the diaphragm mediastinal sliift etc 

X RAY METHODS 

The routine roentgen methods emplo)cd are simple inspection 
(roentgenoscopy or fluoroscopy) and roentgenography TJie two roent 
( 688 ) 
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genographxc uietiiods, teleoroentgenc^apliy and orthodiagiaphy, are em- 
plo>ed chiefly for the determination of cardiovascular dimensions. Telco- 
roentgenography consists in making a film exposure ivith tfie x ray tube 
at a considerable distance from tlie patient and die film, to avoid the 
distortion due to (i) the divergence of the ra)s from the tube target 
and (a) the variable distances from Uie film of the different parts of the 
heart and vessels.^. 3 The magnitude of the error due to Uiese two factors 
IS probably not sufficiently appreciated In a recent study of 130 pa 
tients.-l the transverse diameter of the heart in posteroantenor teleo 
roentgenograms at two meters, averaged 6 G pei cent larger than the trans- 
verse diameter m orthodiagrams At a taiget film distance of 48 inches, 
and an object film distance of four inches, the magnification is approx 
iniately 14 per cent On the odier hand, the cardiothoracic ratio in 
leleoroentgenograms is less than in orthodiagrams, because in the former, 
the magnification of the chest is greatei Uian that of the heart. The vas 
cular pedicle is magnified even more titan the heart, because of its more 
posterior position. 

Ortliodiagraphy may be performed in several ways: (1) The sCTeen, 
patient and tube are fixed, the tube being at approximately two meters 
from the screen; the cardiovascular silhouette is dravsn on the lead glass 
of the screen.* (2) The standard Suoroscope is equipped nith a lead dot 
marking the position of die central x-ray beam on die screen; the screen 
and tube are mounted together on one carriage, and moved so that the 
lead marker travels along the contour of die cardiovascular shadow; at 
the same time, points on the contour are recorded, by means of a cable 
release mechanism, on paper placed on an attacliment at the side of the 
fluoroscope. (3) The patient and screen are fixed; the tube is separately 
mounted and freely movable; the tube shutter is closed down to permit 
only a small pencil of central perpendicular rajs to be used, the result- 
ing small fluorescent screen field is tlien moved along the cardiovascular 
and chest contours which are simultaneously sketched on the lead glass 
of the screen; die contours are then copied on transparent paper This 
method is, perhaps, the one most widely used. 

The advantages of teleoroenlgenograpliy are objectiv ity and die inclu- 
sion of lung detail. The disadvantages are cardiovascular magnification 

* Inadviuhlc because of ihc necessity of greater x ray cjuanlities it great distance* nnd 
the SQttcnng of ra)s 
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and distortion; omission of tire study of mobility and pulsations; inabiht) 
to localize calcifications by their cliaracicristic mo\cracnis; the not in- 
frequent inability to differentiate die cardiac contour from spinal and 
lung densities, or apical fat; increased expense, particularly if oblique 
and lateral \iei>s are included; delay due to film processing. Ortho- 
diagraphy, if expertly done, overcomes tliese disadvantages, but lias one 
of its omi, namely', subjectivity’. The importance of tliis personal element 
usually diminishes with increasing skill in die method. Furthermore, die 
fluoroscopic mediod individualizes die patient in diat it |>crmits immedi- 
ate study in any desirable angle of rotauon as indicated by the pnhology 
present and the size, slupe and posidon of the heart. An additional ad- 
vantage of die orlhodiagraphic mediod is diat it permits easy comparison 
of successive orihodiagrams of the same patient, by die overlaying of the 
transparent copies. 

Special roentgenographic mcdiods, such as roentgenkyroography and 
the visualization of die cardiac and v’ascular cavities by die intravenous 
injection of opaque substances, will be discussed later. 

ANATOMICAL CONSIDERATIONS 

The heart and great vessels, as seen in die film and at the fluoroscopic 
screen, produce an almost homogeneous and undiiTcrcntlated shadow, h 
is necessary', therefore, to study the periphery of die silhouette to deter- 
mine the presence of abnormal contours of the various chambers and 
vessels. This prcsiipjxiscs a kiioulcdgc of cardiovascular topography and 
the contribution of the ronqioiicm |aris lo the borders of the silhouette 
in various views Furthermore, it is essential to know the relations of 
the esophagus, trachea and bronrlii to the hc,ari and its jiediclc, because 
displacement of these structures may tUrow considerable light on local- 
ized enlargements, deformities or malformations 


POSITION OF THE PATIENT 

It IS assumed in the discussion which follows, that the jxitient is stand 
mg erect. Other {losttires may be used for sjiccial purposes- There arc 
four standard positions of the chest with respect to the plane of the 

screen or film fi) .\ntero|X)sterior jiosition,* ( 2 ) first or right aniciior 

oblique position, (li second or left anterior oblique i»sition, (l) left 
lateral jiosition.* 


• Tl,. |«.ieTca..lonor snd iiijil Utix.1 oior S'"'", 

tortion in the ideoroentgcnograni because €>f ihc greater dutance of ihc heart 
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The normal contours in these positions are as follous: 
i. In the anteroposterior ^xtsitioii (Fig. i) , the right border of the 
silhouette, from above dowms’ard* consists of the innominate \ein, su- 
perior vena cava, and the right auricle.* Occasionally, on deep inspira- 
tion, the vertical right border of the inferior vena cava may be visible 
below the right auricle in the right cirdiodiaphragmatic angle, par- 




Ficlr£ 1 AmcKuHBlcrior ^^c 1 » tlcLur 2 Riglu obifquc mcw (15 tfe^icc*) 

The btoad irregular band marks ihc course of «hc esophagus; the hciry continuous 
hurt indiate ihc visible contours of Uic hca« ami diest. the interrupted lines outline the 
iniJuble conioun of the chamben. vessels, trachea and brondii //', Ki^ht hinomiiiate 
vein, SVC, superior vena cava, IVC, inferior vena cava. Jl.1, right auntie, HV, right 
vciiinde; PC, pulaiumc conus, PA, pulmonary aricr): £.1, left auriac. LAA, left auiicular 
apjicndagc: EV, left Vemridc. A, aoru, AK, aotlic knob, LS I, left subdavian atter> (rml 
vein?) ; £, esophagus; T, trachea. 

ticularly in tall thin individuals with vcriicaHy-placcd hearts. The aorta 
normally does not overlap the su|>crior vcti.a cava in this view.3,3 Nor- 
mally, also, the right supracardiac border is well witliin die line of the 
right auricle. 

The left border consists of the left subclavian artery or left innotiu- 
jjatc vein or both, tlic aorw, pulmonary artery, left auricular appentlagc 
and left vcniiiclc. The aorta in this view* presents a rounded prominence, 


• The borden referred to here and hoealter 3« onl? diose ‘hat aie tlcaily divcnnihle 
in (he film and at the fluoroscopic screen. 
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the aortic arch, which causes its displacement again to the nnd-Une, thus 
producing tlie first curve or aortic impression. Because of the left pos- 
terior course of the aortic arcli, the esophagus is deviated to the right and 
jsosteriorly, and best seen in the anteroposterior, right oblique and lateral 
views (Figs, i, 2 and 4). The second curve, directly below the aortic 
impression, is produced by pressure of tiie left bronchus,® and is easily 
visible in tlie right oblique and lateral views (Figs. 2 and 4) . This devia- 
tion is more directly posterior than Uiat of the aortic impression, but is 
also directed somewhat to tlie right- The left bronchus impression Iiis 
been frequently and erroneously referred to as the pulmonary acter) 
impression, but moie careful study such as Evans', reveals that the pul 
monary artery is more anteriorly placed and nowhere in contact with 
the esophagus. The error has been due doubtless to failure to consider 
the effect of parallax in oblique views. The third curve is due to contact 
of the esophagus with the left auricle, and is normally not so well marked 
as the first two impressions. It is directed posteriorly. The normal left 
ventricle usually does not cause any impression. Just above die dia- 
phragm the esophagus deviates to the left and is occasionally pressed upon 
posteriorly by the descending aorta, which at this level occupies ilie 
median line, the two structures thus crossing each other obliquely, cans 
ing the fourth or descending aorta impression. 

Ill a recent stud^ of the cardiovascular relations of the esophagus. 
Evans® has emphasized the value of its visualization in facilitating more 
accurate diagnoses of cardiovascular disease. The chief conditions in 
which it is diagnostically helpful are mitral stenosis, aortic dilatation and 
tortuosity, aneurysm and congenital anomalies of the aorta, such as dex 



ROENTGENOLOG\ OF THE HEART yVND GREAT VESSELS 693 


of die left auricle and left \entncle On deep inspiration, a reflection 
of the parietal pericardium may be seen as a vertical shadow extending 
from the left aentncular border to die diaphragm, particularly in t hin 
individuals The clear space bet\\een die heart and sternum is called 
the letrosternai triangle and diat between the heart bolder and the spine 
IS called the retrocaidiac space It should be emphasized Uiat the right 
leaf of the diapliragm forms the base of the retrocardiac space The left 




Tlie broad irregular band marks ilie course of the esophagus the heavy continuous 
lines indicate the MSible contours of the heart and diest the fnicrniptcd lines otuhiie the 
msisible contours of the chamben vessels uadtea and bronchi SIC superior %ena ca\a 
ill Tight senlnclc PC pulmonic conus Pt pulmonary artery Li left auricle Li left 
'tetvuiele 4 aotta LS4 leCt suhdavt'ui arterY (and. vem?\ £ esopUa^s T uadiea 
JiD right diaphragm 

diaphragm may be seen at a Joiner le\el A not inconsiderable part of 
the heart lies below the level of the right diaphragm (compare Fig i) 

RELATIONS OF ESOPHAGUS TRACHEA AND BRONCHI 
TO THE HEART AND GREAT VESSELS 
The general direction of the esophagus* is vertical, but there are i 
number of cur\es m its course At first it lies m the mid line, directly 
behind tJie trachea it dien inclines someivJiat to the left until it reaches 


• The esophagus is visiialircd by having ihe patient sualiow a tcaspoonful or more of a 
til ck sii pension o! barium sulfate in water or some flavored vehidc (Evans 8 uses rairmatacle ) 
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ihe aortic ardi uhich causes its displacement again to the mid line thus 
producing tlie first curve or aortic impression Because q£ die left pos 
tenor course of die lortic arcli the esophagus is deviated to the nglit and 
posteriorly and best seen in die anteroposterior right oblique and I iteral 
views (Eigs 1 2 and j) The second curve directly below the aortic 
impression is produced by pressure of the left bronchus s and is easily 
visible m the right oblique and lateral views (Eigs 2 and 4) Tlusdevia 
lion is more directly posterior than diat of the aortic impression but is 
also directed somewhat to the right The left bronchus impression has 
been frequently and erroneously referred to as the pulmonary artery 
impression but more careful study such as Evans reveals that the pul 
monary artery is more anteriorly placed and nowhere in contact with 
the esophagus The error has been due doubtless to failure to consider 
die effect of parallax in oblique views The diird curve is due to coiiLact 
of die esophagus with the left auricle and is normally not so well marked 
as the first two impressions It is directed posteriorly The normal left 
ventricle usually does not cause any impression Just above the dia 
pliragm die esophagus deviates to the left and 1$ occasionally pressed upon 
posteriorly by the descending aorta which at this level occupies the 
median line the two structures Uius crossing each otlier obliquely caus 
ing the fourth or descending aorta impression 

In a recent study o£ xhe cardiovascular relations oi the esophagus 
EvansS has emphasized the value of its visualization in facilitating more 
accuiaie diagnoses of cardiovascular disease The chief conditions in 
whicli It is diagnostically helpful arc mitral stenosis aortic dilatation and 
tortuosity aneurysm and congenita! inomabes of die aorta sucli as dex 
iroposiiion transposition nghi aonic arch coarctation 

The uacliea is at first ceiurally placed but sjoon after it enters the 
superior aperture of the chest it inclines slightly to tlie right to he pos 
tenor to the beginning of the transverse jxirtion of the arch of the aorta 
(Eig 1) It bifurcates on the right of the mid line at the level of the 
lower border of the aortic arcli die division being frequently visible in 
tlic aortic vvindow winch owes much of its luccncy to the tracheal 
bifurcation (Fig 3) The shorter right bronchus continues the general 
course of the trachea and lies jioslerior to the right pulmonary artery 
The longer left bronchus takes a more oblique course \fter passing in 
front of the esophagus it lies behind die left pulmonary artery 
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INDIVIDUAL CHAMBERS AND VESSELS 

(a) Superior Vena Cava: This vessel is best seen in the anieiopos- 
lerior position (Fig. i) and forms tlie right border of the cardiac pedicle. 
Its density is less tlian tliat of the rest of die cardiovascular shadow. The 
pulsation of the cava is slight and complex, as it transmits pressure 
changes from the right auricle and pulsations and movements of the 
contiguous aorta and heart as a whole. It becomes dilated from die same 
causes that give rise to right auricular enlargement (see below) and also 
from pressure of aortic aneurism, mediastinal neoplasms, adhesions, etc 9 
Increased pulsation may result from tricuspid lesions, and die transmis- 
sion of the increased pulsation of aortic regurgitation. 

(b) Right Auricle: This chamber forms the right border of the 
cardiac silhouette in the anteroposterior view Its appendage embraces 
the first portion of the ascending aorta (Figs, i and 2) and forms part 
of die right border in die left oblique view (Fig. 3) . It is most hkel> 
to be enlarged in right heart failure, auricular fibrillation, tricuspid le- 
sions, beriberi, and certain congenital anomalies (such as auricular and 
ventricular septal defects, pulmonary stenosis, patent ductus arteriosus) 
Enlargement of die right ventricle and at times of the left venuicle may 
displace the right auricle and give the impression of its enlargement 
Also aneurysm of the root of the aoru or marked tortuosity of the de 
scending aorta may produce an overlapping shadow and suggest enlarge 
ment of the right auricle.^® The pulsation may be increased in tricuspid 
lesions and airioseptal defect. 

(c) Right Ventricle: This chambei forms most of the anterior 
surface of the heait and does not nornwUy contribute to the border of the 
silhouette in die anteroposterior view (Fig 1). To study its contour, 
the patient must be rotated in the right and left oblique and lateral 
positions (Figs. 2, 3, 4) . Its conus arteriosus 01 pulmonic conus inav be 
best visualized in the right oblique (Fig. 2) and lateral vieus (Fig. 4) 
The conditions which may cause right ventricular enlargement are mitral 
stenosis, a double mitral lesion, emphysema, chronic pulmonary disease 
such as pneumoconiosis, certain congenital lesions (sucli as pulmonic 
stenosis, auricular and ventiicular septal defect, patent ductus arteriosus, 
and transposition of die vessels) , acquired pulmonic valvular lesions, pul- 
monary arteriolar disease, and beriberi. Perhaps the most frequent cause 
of light ventricular enlargement is right sided failure, which mav result 
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from tlie lesions abo\e menuoned, or more commonly as a resuft of left 
sided failure H The right ventricle may sliou an increased pulsation 
m acquired pulmonary regurgitauon and congenital septal defects 

(d) Pulmonary Artery The views which permit the best visualiza 
Uon of tins vessel are the anteroposterior and slight right oblique In 
greater right oblique rotation, at about 45 d^rees the cross section of the 
pulmonary artery is frequently visible as a rounded or oval density within 
the shadow of the ascending aorta (Fig 2) Occasionally the vessel may 
be more or less discernible in the left obbque view as it crosses below tlie 
aortic window (Fig 3) Dilatation occurs in mitral stenosis, thyro 
toxicosis 12 congenital defects (such as patent ductus arteriosus, septal 
defects and some cases of pulmonic stenosis vvitli poststenotic dilatauon) 
pulmonary arteriosclerosis and arteriolar disease, congestive failure, 
chronic pulmonary disease (some cases), aneurysm of the pulmonary 
artery, acquired pulmonic regurgitation and late pregnancy (some cases) 
Enlargement in the pulmonary artery region, particularly as viewed in 
tlie anteropostenor and right oblique positions, may be due to aneurysm 
of tlie ascending aorta on its left lateral aspect 10 Increased size of die 
branches of the pulmonary artery (best visualued arc the branches of 
the right pulmonary artery in the right hilum) may also occur in these 
conditions The pulsation of the pulmonary artery and its brandies is 
usually increased in certain congenital defects (patent ductus arteriosus 
and septal defects) , tliyrotovicosis, acquired pulmonic regurgitation, cases 
of mitral stenosis with relative pulmonic reguigiiation (Graliatn Steele 
muriinir), complete heart block 11 late pregnancy and severe anemias 

(e) Left Auncle ^Vllh the exception of its appendicular portion, 
the left auncle lies entirely postenorly and more ceplialad than any 
other diamber of die heart Minor degrees of enlargement are directed 
posteriorly and miy be visualized in the right oblique and lateral views, 
especially with the aid of esophagus visualization In the anieroposierior 
view the esophagus is deviated lo the right rarely to tlie left, by the 
enlarged auricle With piogressively greater enlaigement, die left auncle 
IS almost invariably directed to the right so that ns border may be seen 
either within the sliadow of the right auricle or it may overlap the nght 
border of the heart to form an additional middle convexity in die antcrt> 
posterior view Rarely the left auricle may undergo aneurysmal dilata 
non and project into die nght lung field to reach, at times, the right 
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diest ualJ Enhrgcment of the left auricle occurs m mitral stenosis con 
gestive failure and auricular fibrillation Less commonl), mitral regur 
giiauon may cause minor degrees of left auiicular enlargement uitli in 
creased pulsauon \ rare cause of enlargement is acute auricular myo- 
carditis 

(f) Left Ventricle The contour of this cliamber is visible m the 
anteroposterior left oblique and lateral views (Figs i 3 4) Enlarge 
ment is directed laterally and |K>stcriorIy but 15 best appreciated m tlie 
anteroposterior view and is indicated b\ greater con\e\ilv and length 
of the left lower border Increase 111 size of ilic left \enrnclc occurs 
commonly m hypertension aortic rcgurgitauon coiigestne Lulurc and 
aortic stenosis Less frequent causes of cnlaigcmeiit arc congenital de- 
fects (patent ductus arteriosus coarctation of die aorta \cnmcuhr septal 
defect bicuspid aoruc %aUc and aortic stenosis) coronary disease ar 
lerovenous aneurysm and mural rcgurgiiaiioii Generalized left \cn 
tncular enlaigcment may result from a single large myocardnl infarct 
or from a number of consecutue sinallei infarcis A single infarct may 
cause a loaahzcd bulge in the ventricular wall known as cardiac aneurysm 
The greatest degrees of left veniricular cnhigemcnt are seen in aortic 
regurgitation The pulsation of the left ventricle is ordinarily intrca^kcd 
in aoruc regurgitation thyrotoxicosis higli-gridc block and complete 
block 

(g) Aorta The noiuial tortuosity of the aorta requires louiiion of 
the patient in all of the four standard positions for its careful study 
However my one 01 a combination of several of the posiuoiis inav be 
optinuim in the individual case depending upon tJic pathology present 
and us locahzauon The arch of the aorta normallv takes an irregular 
spiral courxr ascending to the right anteriorly and then tnnsvcisclv to 
ilie left posteriorly finally turning back slightly to the rif,lu to he upon 
ihc left side of the spine The descending thoracic aori i gradu ill> curves 
to the right until at the level of ibe twelfth iJioracic and first lumbar 
vertebrae it lies in tlic median line The tiaje-ciory of the arch rarclv 
lies m one plane i » its height and breadth normally depend on the 
leiioth of the chest and height of the diaphragm The entire course of 
the aortic arch may be more or less visu ih/cd in the left oblique |KiMii«m 
but under normal candiuons the tnnsicrsc [lorefoii is rciuJcraJ tram 
jxncnt by the trachea which lies postenor to it (Fig 3) In this position 
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ilie first part of the descending aorta may be discernible b> its pulsation 
within tlie spiinl shadow, if Uie e>es are uell accommodated and tlie 
fluoroscopic field is inrroncd Patliologtcally, the aorta may be altered in 
lengtli, caliber, tortuosity, density and pulsation, and congenitally, in its 
origin and caliber The conditions winch may cause visible aortic changes 
are syphilis, atheroma, hypertension, aortic regurgitation and dissection 
the important congenital defects arc coarctation dextroposition trans 
position of the \essels and right sided arch The density of die aoita 
depends on its diameter and the structure of the nail and can only be 
loughly estimated, it should be studied preferably in die left oblique 
position to prevent superimposition 15 Increased pulsation occurs in 
aortic legurgitation thyrotoxicosis, severe anemias and in some patients 
with hypertension 

(h) Enlargement of the Heart as a Whole This may occur m 
congestive heart failure bradycardia high grade and complete bloc!., 
diyrotoxicosis myxedema rheumatic carditis severe anemias, arteno 
venous aneurysm, and rarely in syphilis and from unknown causes 

CALCIFICATIONS 

Deposits of calcium may occur in any of die structures of the heart 
pencaidium inyocaiduim endocardium valves, annuli fibrosi, coronary 
aiienes veins aorta and pulmonary artery 

Pencaidial calcifications have no characteristic shape They may occur 
in plaques bands and a variety of configurations and may range from 
mete spicules to almost complete encasement. Pericardial localization 
IS ascertained by routing the patient behind die fluoroscopic screen 
ulien It may be noted that m one view the deposit is at the periphery of 
the heart shadow and that its movement is that of die adjacent cardiac 
contour in that view 

Myocardial calcification occurs most commonly m infarcted areas 
but unless cardiac aneurysm is present its differentiation from pericardial 
calcification cannot be made during life with any certainty 

Fndocardial calcification is rare and cannot be precisely localized by 
roentgen examination 

Valvular calcification occurs much more frequently than is apprcci 
ated The diagnosis can frequently be made without much difficulty if 
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ils possibility is kept in mind,* if the eyes arc properly adapted and a 
small fluoroscopic aperture is focused on the valvular areas. The cotjunon 
sites are the mitral and aortic \al\es, their frequency being about equal. 
Localization within the vahes is indicated by tlie presence of a \-nnablc 
number of small, usually discrete, dense masses, occurring in a small 
area, deeply placed uiihin the heart shadow in all angles of rotation .md 
by tiieir characteristic dancing movement, directed mainly touaul the 
apex during systole and aivay from it during diastole.^" A shglii right 
oblique view has been suggestedts. is as the optimum for visualization, 
but in the author’s experience, the left lateral view is preferable, pai- 
ticularly if the attempt is made to determine winch valve is involved. 
'I'he right oblique position is apt to cause greater supcrimposition of the 
mitral and aortic valve nicas In the lateral view, the mural valve posi 
tion is in the postenoi third of the cardiac shadow, and the aortic valve 
IS in the middle third, both valves arc placed approximately In the zone 
bctuceu tJie upper and middle thirds of the he.iri shadow, the level of 
this zone varying with localized cniaigements of the chambers The 
ameropostcrior view is also helpful in the difTeicmiaiion, as the aottu 
valve is usually lost in the spinal shadow, winic the mitral valve is well 
to the left of the spine, nearer the left heart border 

Calcareous deposits fa the anmifi Itbrosi may be recognized by the 
presence of a rather unifonu dense U-md in tllipiic airangemcnt.t rang 
ing in length, in different cases, from a small aic to a completely closed 
curve. These deposits arc in the auriculovcniricular septum at the Inse 
of the valves, the mitral and aortic annuli being the usual sues Then 
position within the heart shadow, optimal angles for visualization, and 
thcii movement with the heartbeat aic all similar to those of the valves 
except that their motion is apt to be less extensive. 

Coronary artery calcification may occasionally be seen Its loenigcn 
flxiracicristics arc supcrficj.al position and linear or vermiform distnbu 
lion. Rarely, the shadows may apjicar as a double llne.io because of 
its position, it is to be differentiated from pericardial calcification, but 
the latter is rarely linear. The arleiics usually visualized arc the anterior 
tiescending and circumflex branches of the left coronary artery. A slight 
right oblique posittoii is optimum for visualization. Tficse linear densities 

* PdTtioiUiIy if a loud, rough t)VDlic murmur u heard at the apex or aortic area 

f Artuilly it) arcular atrangeinrni. but iicxaiiw nt the iiiditiaiiuii nf the auiiculutcn 
tticular rrpium, the annuli appear foTohoiicnol anil cUipiical. 
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may be seen on Uie upper part of tlie heart shadow, near or on tlie left 
bolder (anterior descending ramus), or obliquely across the cardiac 
shadow from the upper left border to die loner right border (circum 
flex brancli) Their xnouon wiUi the heartbeat is slight the anterior 
descending ramus density moving witli the contiguous heart bolder the 
circumflex moving with the auriculovciuncular septum toward the apex 
during systole and leturning uith diastole 

Calcified deposits in the aortic wall occur as spicules or cuned plaques 
and are seen most commonly in the region of the aortic knob best viewed 
m the anteroposieiior position They ilso occur not infrequently in the 
ivall of aortic aneuiysms Pulmonary artery calcification is less frequent 
and IS differemnied from aortic calcification by its position 

CARDIAC CONFIGURATION 

The normal heart ranges iii sliapc between a paraboloid and an 
ellipsoid, but the difference in the configutanon of the silhouette in 
different individuals is principally due to various indinaiiuns of die long 
axis of the heart, which m turn arc related to the shape of the chest 
The range is between the vertically and almost centrally placed heart 
m the nil thin person and die liorizontal heart in the short tliick indi 
vidual In the average normal heart the inclination is such that the 
extension of the silhouette in die anteroposterior view is twice as much 
to the left as to die right of the raid line of the chest Shallow chest, 
funnel breast and riglit scoliosis usually cause displacement of the heart 
to the left* with changes in shape The factor of cardiac position must 
always be considered ivben conclusions are drawn concenung configura 
tion both in the presence and absence of abnormality For example it 
IS a not infrequent erroi to report a mitral stenotic configuration in tJie 
vertically placed normal heart and a left ventricular enlargement m die 
transversely placed normal heart Conversely, left auricular enlargement 
may be overlooked in die transverse heart and left ventricular enlaige 
nient in the vertical heart Similarly with respect to die cardiac pedicle 
the wide flare (unfolding uncoiling) of a normal aortic aich m the short 
thick person may lead to an erroneous diagnosis of aortic pathology and 
conversely aortic dilatation may be overlooked in die tall, narrow arch 
of the asthenic individual 

• Left lateral displacement frequently gtvej a false impression of enlargement on 
percussion 
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Despite tiiese ipparenc dtfRcuhies the vie^\r tfiat reliance should not 
be placed upon so-called cliaracierisuc configurationsSO appears to be 
unjustifiably extreme The opposite extreme vieu that tlie radiologist 
cm make an etiological diagnosis on the basis of tlie shape of die heart 
alone is also unjustified The roentgen examination is only one of the 
links in the chain diat supports the diagnosis Unfortunately the term 
characteristic configuration has reference onl> to the anteroposterior 
appearance of the heart shadou If houever m addition to tlie frontal 
vieu the patient be studied in the oblique and lateral vieus particulirly 
with the aid of esophagus visinhzation and sind) of die pulsatory ex 
cursions it will be seen that a small number of uncomplicated conditions 
present characteristic roentgen appearances while others are only sug 
gesuve In this connection it should be remembered tint the seientv 
md duration of the pathological changes are of paramount importance 
as slight and early lesions usuail> do not cause deformit> of the heart 
shadou Purtiiermore the presence of combined lesions is associated 
uitli deformiues of die silhouette m proportion to the relative seventy 
and duration of each of them 

The consideration of conditions causing changes in cardiovascuhr 
configuration may be roughly divided into the intrinsic and extrinsic 
causes The intrinsic conditions include acquired v^ilvular disease ailie 
roma syphilis dissecting aneurysm diseases of ibe pericardium congeni 
til heart defects coronary diseases and its sequellae The extrinsic causes 
include hypertension thyrotoMcosis myxedema emphysema extensive 
pulmonary fibrosis vatamin B deficiency chronic anemias arteriovenous 
aneurysm 

VALVULAR DISEASE 

Mitral stenosis almost invariably presents a characteristic appearance 
Its chief distinguishing features are enlargement of the left auricle and 
straiohiening of the left border (so-called murahzation or mural con 
figuration) In the anteroposterior view tlie normal concavity (waist) 
of the left border is filled out by tlie enlarged pulmonary artery and 
left auricle the aorac knob is less piominent probably due to actual 
diminution in aortic caliber because of reduced left ventricular output 
counterclockwise rotation of the heart induced by right ventricular en 
largement and to obscuring of the normal lower border of the knob by 
tlie enlarged pulmonary artery The cliange in the aortic configuration is 

47 
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demonstrable by the shallowness or absence of the aortic impression on 
Ujc esophagus in the anteroposterior view. The normal comexity of tlie 
left cardiac border is diminished probably because of rotation of the 
heart or actual left ventricular atrophy from inadequate filling, or both. 
The barium meal is frequently impeded and compressed by the en 
laiged left auricle, and the esophagus is deviated to the right (rarely to 
Uie left) . The left auricular enlargement is best appreciated in the right 
oblique and lateral views. In the right oblique view*, the depth of the 
heart from the left auricular impression to the pulmonic conus is 
markedly increased, because of enlargement in botli directions S Addi- 
tional observations are the lengthened and more prominent Iov\er right 
border in the anteroposterior view; evidences of right ventricular enlarge 
inent (including die pulmonic conus) in the oblique and lateral views; 
rdling of die aortic window by the dilatation and elevation of the pul- 
monary artery (left oblique view) ; elevation and compression of die left 
brondius by the enlarged left auricle or die engorged pulmonary veinssx 
or boUt. increased hilus shadows due to die dilated pulmonary artery 
branches, 22 clouding of (he lung fields due to pulmonary congestion and 
possibly, in longsunding cases, to pulmonary arteriolar sclerosis from 
lesser circuit h>pcnension.23 Greater enlargements of die left auricle and 
aneurysmal dilatation have been referred to above (page Gg6) . Occasion- 
ally the mitral configuration is simulated by a vertically placed nunnal 
heart, die heart in diyxotoxicosis and by any condition associated widi 
pulmonary arter> dilatation, but in these, die left auricular enlargement 
and clouding of die lung fields are absent. 

Mitral regurgitauon, as an isolated lesion, is said to be rare24 but this 
has been denied.25 Clinically, the occurrence of only a loud apical 
Systolic murmur with typical axillary* reference in individuals with a 
definite rheumatic history is not infrequent. However, such patients do 
not present a characteristic roentgen appearance of die heart. It may be 
normal in size and sliape but occasionally slight left ventricular enlaige- 
ment is present. 

Mitral stenosis and regurgitation are frequently combined and present 
rather characteristic changes in the silhouette, left ventricular enlaige- 
ment and greater right ventncular enlargement being added to die 
features of mitral stenosis. The left border is “mitralized” and die heart 
Is enlarged bilaterally, resulting in a triangular shape. Robb and Stein- 
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berg 2 i ha\c coniribuJcd die folioulng observations in tliis combineti 
lesion: In the frontal view, die right \entricle is broadened and forms 
tliree-fifths of the diaphragmatic contour; the pulmonic conus is dilated 
and lies farther to die left than normally, but it docs not enter into the 
fonnation of the pulmonic arc in the frontal view', the main stem of the 
pulmonary artery is ddaied but not lengthened and it alone forms the 
pulmonic arc in the frontal view; the superior vena cava, right auricle 
and aorta remain normal in the absence of failure. 

Aortic regurgitation, when isolated and well advanced, presents certain 
distinguishing features. The lower left border is met cased in length and 
convexity due to left ventricular enlargement, die aortic knob is cx.ig 
gerated due to dynamic aoitic dilatation: the pulsation of the aorui and 
left ventricle is increased in extent and is quick and not sustained. Aortic 
stenosis causes a similar enlargement of die left ventricle, but die aoiM 
is not dilated and its pulsauon is cither normal or diminislied in evtent 
and rapidity. 

The combination of aortic and mitral disease produces a conrigmaiion 
somevviiat similar to the combined mitral lesion, cxce]>t that left ventiicii- 
lar enlargement is usually mure tmirkcd and the pulsatory phenomena of 
aortic regurgiution are manifest. 

Tricuspid valve lesions arc rarely isolated. Relative tricuspid rcguigi 
tation occurs not infrequently in association vvah advanced and long 
standing mitral stenosis and is to be suspected iluoroscopically when tlie 
right auricle is unusually prominent and an outward pulsation of its 
border and of die superior vena cava occurs during ventricular s>sto!c 
Tricuspid stenosis is very rare, its rocnigen features being considerable 
enlargement of (be right auricle and, if nonnal sinus rlqdun bo present, 
a marked auriculos>stolic pulsation of die superior vena cava. A similar 
hepatic pulsation may be observed at the right diaphragm during a 
suspended breath. 

Acquired pulmonic valve lesions aie also rare. In two observed otses 
of isolated pulmonic regurgitation (one as a result of pneumococcus pncii 
monia, the other presumably gonocorcal in origin) , the pulmonary arici > 
and its branches were moderately dilated and their puKation vsas in 
creased; die right ventricle was enlarged, as indicated by greater bilatcml 
tliaphragmaiic breadth of the heart and greater coin exit) of the right 
vciuricnlar borders in the oblique and lateral views. 
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Aortic disease, if sufTiciently ad\anccd, presents chancteristic appear- 
ances The stud) of the relations of tlic barium filled esophagus is 
especially valuable m its diagnosis 

(a) Atheroma is distinguished by increased length, tortuosity, dilati 
tion, increased density and calcareous deposits These features nny be 
present in various degrees and combinations or be visible in only one 
portion The aortic knob tends to be more prominent, and may be 
elevated The aortic pulsation may be diminished while the left vcniric 
ular pulse remains normal,!*^ parucuiariy if the aorta is dilated Toriu 
osity of the descending thoracic aorta at the left auricular level may so 
displace the visualized esophagus as to lead to an erroneous impression 
of left auricular enlargement particularly m the lateral vicu 

(b) Luetic aortitis can be diagnosed only if dilatation is present, par 
ticularly in the absence of cardiac enlargement The dilatation may 
involve a large part of the aorta, or it may be quite localized Frc 
quently both generalized dilatation and aneurysm may be present A 
luetic origin of aortic regurgitation is suggested only ulien the aorta, and 
pit ticularly its root or ascending portion, is abnormally dilated or aneu 
rysmal In aneurysm of tlic ascendens the aorta overlaps die superior vena 
cava and eveends beyond die border of the right auricle below, uttcom 
monly it may project far into the right lung field In rare insLinccs of 
aneurysm of the left posterior sinus of Valsalvn, ihc mass may bulge to the 
left displace the pulmonary artery and extend beyond the middle left 
border Aneurysm of the iiansvcrse |>ortion is indicitcd by abnormal 
width of the upper part of the supncardiac shadow The aortic knob 
IS not infrequently die sue of abnormal dilatation These first three 
localizations are well seen in the frontal view Descending aorta aneu 
rysms aie best appieciaied m the left oblique view but iniy be also 
visualized by deviation of the esophagus in the anicrojiosterior view 8 
In the diffeiential diagnosis of luetic aoruc disease adieroiin offers little 
ihfficuliy if the age of the patient and the presence of aneurysm aie con 
sulcred furthermore die ascending aorta is the most frequent sue of 
luetic dilaiaiion whereas atheroma is only rarely visualized there The 
differentiation of mediastinal tumor from aneurysm occasionally present' 
some difficulty However tumors arc usually less dense and may lack 
homogeneity dicir margins may be lobulated or lack the sraoodi oval or 
circular contour of an aneurysm rotation of die patient may reical 
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m one view, absence o£ continuity with the aortic wall, aside from 
the portion questionably involved, die aorta is usually normal The 
expansile pulsation of an aneurysm, when present, is an important 
differential sign, but unfortunately, it is only mfrequently detectible 
The usual aneurysmal pulsation is a transmitted one and tumors cannot 
be distinguished on this basis,l5 as they usually nansrait the pulsation 
from contiguous cardiac or vascular structures In difficult cases, die 
technic of Robb and Siemberg-il (see belovv) may be decisive 

(c) Dissecting aneuiysm refers to the development of a circulation 
paihwiy between the layers of the vessel will in winch blood circulates 
It IS a rare lesion and the correct ante mortem diagnosis has been made 
m only a few instances The roentgen picime vanes in different cases 
depending upon its location and tlie subsequent padiological dianges 
produced by it Its origin is usually m the ascending aorta, but visible 
deformity is best appreciated in the arch and beginning of the descendens 
Suggestive liiidiugs are deformity of the supracardiac shadow assouated 
occasionally widi an abnormal shadow produced by tlie dissection along 
the large branches of the arch, comcident pleural effusion, particularly 
on die left side, displacement of the esophagus or trachea and cardiac 
enlargement The possibility of tins lesion should be considered m tlie 
roentgen examination of patients beyond 40 years of age, particularly 
with arteriosclerotic and hypertensive cardiovascular disease, who have 
survived an attack of severe, sudden pain 111 tile chest with shock 

DISEASES OF THE PERICARDIUM 

(a) Pencarditis without effusion cannot be definitely determined by 
roemgen examinatioi} 

(b) Pericardial Effusion The minimum amount of free fluid neces 
sary to give positive x ray evidence lias been variously estimated between 
250 and 500 cc Small effusions may cause bulging of the posterior m 
ferior reflection of the pericardium to the diaphragm, best seen with 
the patient standing m die lateral position during sustained mspintion 27 
Massive effusions present a distinctive appearance, suggesting a leatlier 
water bottle resting on the diaphragm, the characteristic features being 
sagging at the sides, with usually acute cardiodiaphragmatic angles Com 
panson in the erect and recumbent postures may reveal marked changes 
in breadth and configuration due to fluid displacement, 23, 29 unless the 
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Iluid be encapsuhied, as in tuberculous jxiricarditis. The pulsation of the 
borders is usually slight, \va\dik.e and continuous, the normally different 
and asychronous auricular and \entricular pulsations being indistinguisli- 
able.2!) If die configuration suggests a large pericardial effusion, the 
maintenance of a normal aortic pulsation uidi diminished pulsation 
along the left louer border may be confirmatory.30 Marked cliange in 
configuration and reduction in size of the silhouette in a short time arc 
also suggcsdve.3l It has been claimed^it to be impossible to visualize tlic 
heart shadow within the pericardial sac (double contour) because of 
the equal density of the heart and {lerioirdial fluid, 

(c) Pericardial Adhesions: Adhesions within the pericardial sac vary 
considerably in extent and usually give no roentgen evidence of their 
presence. Occasionally, however, pericardial calcification and exaggerated 
systolic tractions of the diaphragm may be seen. If die process also in* 
vades the mediastintim, ccruiii additional distinctive roentgen signs 
may become manifest, depending u|xm the extent and duration of the 
adhesions. In its advanced and chronic state, known as chronic adhesive 
or constrictive pericardomediasunids, the heart is compressed; it is cither 
normal in size or typically small; die pulsations are slight or absent, 
(“djc smail, quiet heart"): the contours are apt to he indistinct: the 
heart moves little or not at all with respiration and inclined {>ositions of 
the diorax; in die lateral view, anterior adhesions to the sternum and ribs 
may be visualized; die superior vena cava may be dilated due to the 
constrictive adhesions. 

CONGENITAL HEART DEFECTS 

These usually occur in various combinations^^ so that complete, 
characteristic roentgen appearances cannot be described. However, the 
vray examination yields positive findings in 85 per cent of cases, and 
is of diagnostic value in 51 per ceni.34 Certain of die commoner defects 
may occur either as isolated or primary lesions and give distinctive or 
suggesiiv c X ray signs. 

Coarctation of the aorta of the adult type presents definite xray 
evidence. The isdimus occurs at or slightly distal to die origin of die 
left subclavian artery; die aortic knob in die anteroposterior view 
and die descending aorta in the left oblique view are usually absent; 
the ascending aorta is frequendy dilated and its pulsation is increased: 
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the left ventricle is usually enlarged the enlaiged intercostal arteries 
ncung as collateral circuhaon cause risible erosion (scalloping) of the 
Jotter borders of some of the ribs posteriorly 

Dextrocardia gi\es an obviously characteristic appearance 
The right aortic arch is distinctive and offers little difficulty par 
ticularly with the aid of birimn visualizition of the esophagus The 
aortic knob is directed to the right and the esophagus is deviated to 
the left 

Primary congenital hyperiiophy (von Gierke s glycogen storage?) 
IS seen only in infants and young children (maximum recorded duration 
of life four years "^S) and presents ilie picture of considerable generalized 
raidiac enlargement 

Patent ductus arteriosus Uecause of the aortopulmonary artery shunt 
this lesion causes increased pressure in the pulmonary artery and its 
branches which undergo dilatation it Uie communication is suffiaently 
large The prominent convexity of the pulmonic arc associated with 
increased pulsation of the vessel and its branches are suggestive fuidings 
The heart is either noimal in size or shows slight generalized enlargement 
Tetralogy of Fallot which consists of pulmonary stenosis septal defect 
dextroposition of the aorta and hypertrophy of the right ventricle fre 
quently presents the suggestive wooden shoe configuration (coeiir en 
sabot) with a double apex one being the elevated left ventricular apex 
the lower one at die diaphragm belonging to die right ventricle The 
central origin of the aorta may be indicated by absence of the ascending 
aortic contour small or absent aortic knob and shallow or absent aortic 
impression on the barium filled esophagus 20 

Atrioseptal defect with a large cooiwunication it the upper pait oi 
the septum causes a large globular heart due to marked right sided 
enlargement considerable dilatation and increased pulsation of the pul 
monary artery and its branches hypoplastic aorta with diminished oj 
absent aortic knob 35 

Ventricular septal defect does not cause a distinctive x ray appearance 
die heart being either normal in size and shape or slightly enlarged bi 
laterally widi right ventricular preponderance 

Aortic stenosis and bicuspid aortic valve cause generalized cardiac 
enlargement with left ventncular preponderance Aortic stenosis is 
usually associated with a hypoplastic aorta 



708 


C/\.RDlOV/VSCULAR DISE/VSE 


CORONARY DISEASE AND ITS SEQUELAE 

It is uncertain ivlieihcr coronary arteriosclerosis, per se, can cause 
cardiac enlargement. Excluding hypertension, abnormal rhythms suclr 
as auricular fibrillation and heart block, previous myocardial infarction 
and other possible causes of enlai^cmcnt, the vast majority of patients 
with a typical history of effort angina pectoris have normal-sized hearts 
Occasionally, however, patients are observed in whom no other cause 
for enlargement can be found. 

Coronary Occlusion; A number of patients were examined fluor- 
oscopically, wiihiii a few days of die attack,* The majority slioucd no 
abnormality in size or shape of die heart. In the remainder slight cardiac 
enlargement, mainly left venmcular was observed. Other causes of 
enlargement were satisfactorily eliminated. The position of die infarct 
(as determined by the electrocardiogram) and ilie presence of mild left 
heaic failure (basal rales and roentgen evidence of pulmonary conges 
lion) appeared to be the im|>ortant factors involved m the enlargement. 
(The size of the infarct must also play .an imporuint r61e, but dits could be 
only surmised) Anterior infarctions were more commonly associated 
with enlargement than posterior infarctions, but in several of die 
latter, abnonnal rhythms (heart block and auricukir fibrillation) were 
probably influential in the increased size. Tlie pulsation was reduced 
in amplitude in most of the patients examined. A few of those who had 
shown enlargements were reexamined after recovery from the attack and 
in these the hc.irt had returned to normal size and shape. 

Cardiac Aneurysm; This usually late sequel of myocardial infarction 
can be accurately diagnosed only if an .abnormal bulge Is visualized on 
the left ventricular border. Its site is usually near the apex. Pulsation 
of the mass is usually dimiiuslied and it generally moves with the con- 
tiguous ventricular border, although the reverse movement has been 
descnbed.i3 Calcareous deposit in die vvall of the aneurysm occurs 
occasionally. 

EXTRINSIC CAUSES OF CARDIAC ENLARGEMENT 

Hypertension: The roentgen appearance is not always distinctive. 
The left ventricle is usually enlarged; the aorta m.iy be normal in 
diameter or slightly and uniforaily dilated. The pulsation of the aorta 

• Before the ckcuocardiograni yns r^Kirtcd. the nature of the attack haung been 
doubted fay the referring physiaans UnpubliOied observations 
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is usually within noimal hmiis, but may be slightly uicreascd, parucujarly 
iu those patients with very w'ide pulse piessures. The left \cntncular 
pulsation is usually normal and in marked enlargements may be actually 
diminished. The pulsations in hypertension rarely attain the magnitude 
of those in aortic i egurgitatiOn The rapidity of development of left ven- 
tricular enlargement vanes considerably m different pauents, depending 
upon die degree and duration of the hypertension, and the associated 
vascular changes In relatively benign cases, the enlargement may be so 
retarded Uiat years may pass before it becomes appreciable In the 
malignant type with widespread arteriolar ncaoses, enlargement may 
occur widun a few weeks. 

Other Causes: Emphysema, extensive pulmonary fibrosis, of which 
pneumoconiosis is an example, and pulmonary arteriolar disease arc 
usually associated wdth varying degrees of uglu sided enlargement. In 
emphysema, the hypertrojihy is not oidinanly appreciated because of the 
low position of tile diaphragm and the usually vertically placed heart 
How'cver, additional obsenatioii in die oblique and lateral views may 
reveal giealci dtan average depth of die heart tending to .a globular 
confoimation, increased prominence of the pulmonic conus and right 
venincular boidcis and dilatation of the pulmonary artery and its 
branches. 

Thyrotoxicosis, myxedema, scveic and chronic anemias, arteriovenous 
lommunication and vitamin Uj deficiency may cause enlargement of 
the heart shadow. Uncomplicated thyrotoxicosis causes a significant gen 
eralized increase in hcait sue iu appioxiinately 26 pci cent of cases, 

•5 j per cent of patients show incicased prominence and/or puKition of die 
jnilmonary artery. 12 die ventricular pulsauon is apt to be characieiisti- 
cal!}' quick, 12, afl die lungs aie frequently abnormally iransjxncm In 
myxedema, slight and occasionally marked generalized enlargement occurs 
in approximately 20 per cent of cases: the cardiac and vascular pulsations 
are distinctively diminished and sluggish. Severe anemias of various types 
may present a cardiac roentgen picture similar to thyrotoxicosis because 
of slight generalized enlargement and increased pulsation, but ihc 
prominence of the pulmonary aiicry and die peculiar, quick pulsation 
aic usually absent. Arteriovenous coinnuinicadim, depending on us 
extent and duration, is frequently associated with cardiac enlargement 
without other special featmes. Viwinin Bi deficiency usually causes a 
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predominandj right sided enlargement. The advanced cardiac inatii- 
[estatiom o£ beriberi are rarely seen in this country- except in occasional 
instances of prolonged alcoholism, but the possibility of milder degrees 
of this condition should be considered in oihenvise inexplicable cardiac 
enlaTgement.37 In this special group of five conditions, tlic cardiac and 
pulsatory abnormalities lend to disappear with improvement or cure. 

SPECIAL X-RAY METHODS 

1. Roentgenkymography: This was first used by Sabat-'5S in ign. 
Tiiis method records the movements of Oic borders of die cardiovascular 
shadow. In its simplest form, a large lead sheet with a single. long, 
narrow horizontal slit (o.j mm wide) is placed betv^een the patient 
and the film, with the slit at the level of the cardiovascular shadow where 
it is planned to record the !>order movements; the central beam of the 
X'Hiy tube is directed perpendicularly at the heart border on the same 
level, the tube, patient and sUi being fixed in position; the film-loaded 
ca^tte is then moved post the slit at a tmiform speed, die patient hold- 
ing his breadi during the exposure. The most widely used modificadon 
of this original method is the muUiple-sUt kymograph, with parallel 
equidistant slits of sufficient number and length to include the entire 
cardiovascular silhouette; the distance between the slits is usually lo in 
12 mm., die travel of die film being slightly less to prevent overlapping 
of die adjacent exposures; the duration of the exposure is dined to include 
at least one complete heart cycle. Good contrast between the edge of die 
cardiovascular shadow and the continguous lung field is obviously neces- 
sary. Tlie result obtained is a vvavelikc sliadow (single sht) or .a series 
of shadows (multiple sht) which arc commonly supposed to represent 
the pulsauon at the points recorded. It should be emphasized diat the 
movements of the heart are quite complex and include not only coniiac- 
tion and distention, but also total displacement, spiral torsion and simple 
rotauon; diese movements do not all occur in die same plane nor in the 
same directions; furthermore, dicy differ in time and individual comnbu- 
tiem in different parts of the heart and great vessels; at any given point, 
diey may be mutually additive or neutralizing in various combinauons; 
they differ m different individuals depending upon the size, shape and 
position of die heart; die film record represents at any moment die 
projection, in the plane of the film and parallel to the slit, of only the 
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resultant o£ all tlie horizontal components of mo\emeni5 in all directions. 
Despite these criticisms, it must be admitted that die movements due 
to contraction and distention are probably of greater magnitude dian any 
of the others, but die complexity of the movements makes attempts to 
evaluate the importance of each of them uncertain in result.iT This 
difficulty is particularly applicable to nmitipleslit kymograms, in wiiicli 
the waves are too contracted m the vertical direction to permit analysis 
vvidiout magnification Single-sbt kymography permits considerable e\ 
pansion of the curve and consequendy an analysis of time relations (by 
simultaneously recorded electrocardiograms) that may be applicable to 
specific problems 12* i"* 30 An analysis of over 200 single slit roentgen 
kymograms of die left ventricular border near the apex, in normal and 
diseased hearts, has convinced the writer that it is difficult if not impos 
sible at present to establish standards, because of the wide dissimilamy of 
the curves However, if the limitations of the method are consundy 
recalled, its continued use and the correlation of die wave forms with 
clinical, electrocardiographic and necropsy data may, in the future, yield 
unsuspected and valuable information.^O 

2. Visualization of the Chambers of the Heart and the Thoracic 
Blood Vessels: Robb and StcinbergSi. 4 i have recendy made this pro 
cedure practicable, although it had been attempted previously with failure 
or only limited success. The method consists in “the rapid peripheral 
venous injecuon of a radiopaque solution (70 per cent Diodrast) into the 
blood stream to make die interior of the heart opaque to the roentgen 
rays during die first circulation and the making of roentgenograms at the 
moment of dieir opacification/’ It is first necessary to do circuladon 
time studies to ascertain, in the individual patient, die limes at which the 
pulmonary circulation and die left side of the heart may be best visualized. 
“The technic is exacting, requiring dexterity, precision, teamwork and 
strict adherence to detad ” At present writing, the potentialities of the 
method appear to have initiated a new epoch in cardiac roentgenology. 
It should pennit a reevaluation of die anatomic relationships in both 
normal and padiologic hearts in living subjects, a more accurate in- 
terpretation of specific cardiac lesions and congenital defects, differentia 
lion of the vascular or nonvascular nature of abnormal masses in the 
mediastinum and improv cd diagnoses of pulmonary lesions The method 
is apparently safe and practical, but too complicated, at present, for use 
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m routine roentgenograph) Houe\er, tlie accumulation of sufficient 
data by trained obser\ers may make it necessary onl) in cases presenting 
unusually difficult diagnostic problems 

MEASUREMENTS 

1 Heart Tlie estimation of rclamc heart size is one of the most 
iniportant uses of cardiac roentgenology It has long been knoun that 
the size and shape of tlie heart are related to die size and shape of the 
chest Original estimations of heart size t\ere, in fact empirically based 
on this relationship Subsequent to simple inspection many and dncrse 
attempts i\ere made, and are still being made to reduce the correlation 
to mathematical terms The time honored cardiodioracic ratio is an 
e>:ample, and is still ividely used The experience of numerous svorkers 
hoive\er has shouii the normal range to be too tvide to be of mucli 
m the individual pauent The limits may be nunnally as low 
as 35 per cent in \ertically placed hearts and as high as Go per cent in 
quite transsersely placed hearts Furthennore undoubted cardiac enlarge 
ment frequently falls well uitlim the upper normal limits of die cardiu 
thoracic ratio Similar objections may be raised to the use of odier 
cardiodioracic relationships such as the angle of disappearance of the 
apex behind die spine on rotation of the patient si the depth of the 
retrocardiac space, <5 the ratio of the oblique transverse diameter of the 
heart to the distance between the anterior nb margin and the spine in 
the left oblique view 30 Recent studies have indicated a better cor 
lelation between heart size and body weight and surface,-*2 43 although 
It is claimed that die inclusion of chest diameters with body weight 
improves die correlation 44 

The methods of cardiac measurements used are the diameters the 
frontal area and die volume The diameter measurements (transverse 
long basal and oblique diameters) are still employed by many roent 
genologists The frontal area measurement requires the arbitrary com 
pletion of the invisible upper and lower borders of the heart Tins 
method has gamed favor with man) workers because of die introduction 
of convenient tables of prediction 45 40 which m most cases provide a 
reliable estimate of normal size \n objection to this t)pc of measurement 
IS that it fails to take into account die amerojjosterior diameter or depth 
of the heart as determined in the lateral view Tlie dejiih diameter vanes 
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wulel) in its iclaiion lo Uic size of die heait in fronial projcttion; h an 
anal)sis rescaled that it a\erages 7*5 per cent of liic frontal tram\crse 
diameter, t" The ti-ans\crse diameter of the heart in the left oblique \icu 
(45®) a\eragcs 86 per cent of the frontal iranstcrse diameter • Vertical 
hearts tend to be deep and transterse hearts shallow, cMicme disparity is 
seen in ilie compressed disc shaped hearts in sery Hat chests and funnel 
breast; pathological deforinitics due to local enlargements cause \ariable 
relationships between frontal size and depth diameter. It should be said 
lioueier, ilial if tJie depth and oblique iliamctcrs bear aierage* iiormaJ 
relations to the frontal tiansvcrsc diameter, the frontal area estnnation 
IS proliably a reliable criterion of rclatuc cardiac size These considera 
lions base led to the \icw, uhich is generally .accepted, that the ideal 
cardiac measurement is lolumcinc Vanoiis attempts base* been made 
to determine iiidiwdiial cardiac lohime, the most notable of which 
is plastic reconstruction of the heart from rocnigcn contours in ton 
sccutivc roiaiiouAS the \ulumc being then determined by wiier dis 
pheement Tlie teclinie is feasible, but tunc consuming and iiardly ap 
phcabic lo routine climcd cardiology Tlie best indicuions for ns use 
appear to be accurate uncsiigatuc work and the establishment of cntcri.i 
and fonmdac for die prediction of normal heart sue 

Based on the supjxisition that il»e heart is a regiilai paraboloid or 
ellipsoid, or a mean between the two, formulae ha\e been denied from 
which heart lolmne may be calculated The basic formula is 

V=:A X D X K.' which V is the lolumc, A is the frontal area in 
squaie ceminietcrs. D, the depth of the Jic-iri in cemnncitrs and K, iJic 
constant The figures foi the coiisUiiit arc o 59 for a paraboloid and o 67 
for an ellipsoid 'I he mean, 063, is usually employed, hut the constant 
liny be varied between the extremes, depending ujxin the iiuhviduil 
cardiac configuralionA- Caltulited volumes comp.-ircd favorably with 
aciml volumes obtained from phstic iccuristructions and orthodngwpf'«f 
foninliu hxed anatomical s|x.cimcns The range of nornnl voiuiiies 
obt.'une'd by the use of tlie Rohicr-Kahlsiorf formuh vaiied but hide 
with different workers. In terms of heart volume cubic cciiiinictcrs per 
kilogram of hotly weight, the range was 8 to 11 in men and 7 to 1 1 in 
women, with an up|>er noniul Imm of it y.vio 7 to 13:^^ 6 to tn.-t'J 
In terms of licirt volume cubic cciumictcis per square meter of liody 


* Ui>{>ubliUa\l oh»ci^attom 
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surface, the range was 250 to 490^3 and zoo to 450 42 It is hoped tint, 
perhaps tvxth the aid of the plasuc recomtrucuon method applied to a 
sufficiently large number of normal individuals, improved formulae nny 
be found from which may be written tables of prediction of approxi 
niately normal heart volume based on individual body measurements 
2 Aorta The caliber of the normal aorta is dependent mainly on 
the size of the body and the age of die individual Its normal diameter 
probably does not exceed 3 5 cm 5 i The caliber diminishes rather 
suddenly below the origin of the left subclavian artery 52 in younger 
individuals up to 35 years, the ascending aortic diameter is to the 
descendens as 18 13, m older persons up to 60, as 4 3 53 If the right 
border of the supracardiac shadow extends beyond the line of the right 
auricle in the frontal view, the ascending aorta is probably pailiologically 
dilated The measurement, m the anteropostenor view, of tlic total irans 
verse diameter of the supracardiac shadow as a criterion of aortic dilata 
tion IS open to question because of the wide normal range m vertically 
and transversely placed hearts Reference ins already been made to the 
possibility of overlooking aortic dilatation in a tall narrow arch and 
erroneously diagnosing disease m a normal short brond ircli, if reliance 
IS placed upon this dimension alone The diameter of the ascending 
aorta cannot be measured roentgenologically with any certainty Attempts 
to measure Uic ascendens in the left oblique view are subject to error 
because of die inclusion of the superior vena cava shadow on one side 
md the obscuring effect of the right bronchus on the otiier (Fig 3) 
The dnmeter of die transverse portion of the arch may be occasionall) 
measurable in the left oblique view at angles of 15® or more if both 
the aortic tnaiigle^ and the aortic window arc well visualized (Fig 3) 

If the aorta is suffiaenily dense as the result of disease the diameters 
of both the transverse and descending portions may be directly estimated 
in the left oblique view The aortic impression on the barium filled 
esophagus may be frequently useful m die measurement of aortic di 
ameter In the anteroposterior view a line is drawn from the deepest 
point of concavity of the impression to the left edge of die aortic knob 
the length of this line minus 3 mm for the thickness of the esophagus 
wall, represents the diameter of the aorta 34 This measurement is subject 
to error as the left exlreinity of the line is not always the same portion 
of the aorta it nny be the left side of the ascendens beginning of the 
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dcscenclcjis, or at a poiiit Joucr on tlic dcsceiidcns s 5^ U Ijcii iJic 
line IS horizontal and not inclined,®! and particular!), ivheii the aoruc 
knob and aortic impression form a arcic and not an o\il,o® the aoiiic 
diameter at this point logically appears to be more accurately mcasurabk 
If the aortic impression in the tight oblique view is deep and semi 
circular in outline, aortic diameter may be estimated fiom the scrticil 
diameter of the impression s but it is necessary in tins case to sub- 
tract the thickness of the esophagus wall at eacli end of tiic Jiiit On 
the basis of tliese considerations and additions to our knowledge, critcm 
for estimating normal aortic dnmeier dependent on age and body size arc 
still auaited 
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CHAPTER XXX 


DISXaRBANCES OF THE HEARTBEAT 

By George Herraian.v, M.D. 

General Considerations: A disorder of tlie heartbeat is usually one of 
the first abnormalities to come to die physician's attention in die exami- 
nation of a patient. The traditional “oitre/' die accepted primary pio- 
fessional gesture of palpation of die pulse, often yields significant e\ idence 
to the trained fingers of the alert exanimer. Much valuable information 
may be elicited in an uuelligent study of die pulse even while listening 
to the patient's complaints, while developing die symptom complex, and 
wliile getting the historical past and etiological facts volunteered by the 
patient. Palpadon of the pulse must not be, as it all too often is, merely 
an expression of friendliness, a reassuring motive, a vestige of die ancient 
and honorable art of the practice of medicine. 

Disturbances in the pulse are dependent upon disorders in the cardiac 
mechanism or heartbeat. The pioneer work of Nfackenzie witii die pol) 
graph and the studies of Eindiovcn and Lewis with the electrocardio- 
graphic method of piecision have clarified die subject. It has now become 
one of die most scientifically exact m medical practice. Present knowl 
edge IS sucli that an accurate interpretation of disorders of die pulse and 
heartbeat at tlie bedside c.in be made one of Uie most precise parts of 
the physical evaminadon. This fact the writer hopes to be able to deni 
onstrate in the following discussion. 

The disturbances or abnormalities of the cardiac mechanism maj 
dominate the clinical picture. Most notoriously those tliat are of least 
serious or clinical significance, often give rise, especially in die neurotic 
patient, to a long train of symptoms. On die otlicr hand, in more stolid 
individuals, even a severe disturbance may be recognized only as a 
slightly peculiar fluitering sensation or a slightly unusual tiirobbing. The 
effects may be only of a momenuary or transient nature, may recur in 
( 718 ) 
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paroxysms of shorter or longer duration, or may be absolutely persistent 
and permanently established. 

A localized minute microscopic change in the heart muscle cell may 
be sufficient to inaugurate a disturbance of tire heartbeat. However, the 
symptoms tJiat arise in these conditions in general aie usually due to the 
peripheral sensitiveness or hypersensitiveness of the individual nervous 
patient. 

In some of the severe disorders, however, there is a distinct change 
in the functional efficiency of Uie heart as a result of mechanism disturb 
ances and the total blood flow is undoubtedly often seriously interfered 
with. Under such circumstances, Uie patient usually complains of the 
symptoms of myocardial insufficiency, viz., congestive heart failure uith 
dyspnea, orthopnea, or edema and pain, rather than of the sensations 
that might be created by the mechanism abnormality. 

The patliological anatomy may, however, be insignificant or rather 
nondemonstrable, consisting of slight physical or chemical intracellular 
01 intercellular changes which would produce lutic if any abnormal 
staining reaction, and consequently may escape even the most careful 
microscopic study. Then, again, gross or microscopically demonstrable, 
postmortem, anatomical or histological abnormalities cannot always be 
field directly responsible for the mechanism disturbance tliat had been 
present before the patient's death. Under certain circumstances in which 
lesions are present in the primary conduction pathways of the heart, it 
is justified to assume a causative relationship. 

Direct and primary clianges in the vascular bed and circulation of 
the heait itself are often the basis of damage. This may be localized to 
minute points but usually the effect is widespread in diffuse areas 
tluoughout the myocardium. There may be evidence only of disease 
ill anoiliei organ or part of the body. This, hov\e\er, is knovm to affect 
the heart itself and is often the basis of drainage This may be localized 
also tlirough actual chemical agents. 

Interpretation or evaluation of die findings must be made witli due 
regard to a general survey of the cardiovascular system in respect to the 
patliological physiology of the disease tliat is found. The mecliaiiism dis 
turbances may be of paramount importance and call for measures directed 
primarily toward their alleviation. Nevertheless, they cannot he con- 
sidered as distinctive clinical entities in tliemselves, but merely as symjv 
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toms expressing tlie effect of a disease process on the heart. Such Jiean 
disorders may be entirely nenous or may be the result of die general 
effects that a disease process has had on die \ital organ. 

Examination of the Pulse and the Heartbeat: The phenomena diat 
may be detected in the peripheral arteries, the radial, bracliial, carotid, 
femoral, and dorsalis pedis, are (he direct results of left \entricular acti\i- 
itcs that have been propagated into die periphery tlirough the arterial 
system. The examination begins with palpation of die pulse in die radial 
artery with the arm at the side and with it raised above the level of die 
heart. 

Hie rate and die rhythm of the pulse beats, also die volume, tension, 
sustaining power, and, in general, die form of the pulse wave are taken 
into account. Note whedier poorly sustained or well sustained, or bound- 
ing, quick, colla|Ming, or slow plateau, whether it is a dicrouc or an ana- 
crotic pulse. The brachial, but especially die carotid, should also be 
carefully exanuued and the apex of the heart simultaneously palpated 
and auscultated. 

The movements in the veins of the neck arc often of some significance 
and should be noted. These waves are usually seen in the jugular bulb 
cegion ill thin necked individuals and the character of die venous wave 
is of some significance in the differential diagnosis of meclianisin dis- 
turbances. 

After die examination at rest, the padent's heart should be incre.ised 
by exercise if he can tolerate it, or by die use of amyl nitrite, nitro- 
(tlyccrin, or atropine. If the rate is primarily high, the effects of carotid 
sinus pressure should be noted. The general nervous reaction in die pa 
tient is of considerable significance in the evaluation of findings, espe- 
cially in the presence of a rapid pulse. 

The examination of die heart should always be carried out widi 
simultaneous pal|xition of die carotid pulse. In this way, and only in 
this way, is it absolutely possible to localize and identify die first and 
second heart sounds, die systolic and diastolic periods of the heartbeat. 
The disiurb-inces that fail to open the aortic vahe are dius detected, 
for the auscultatorv phenomena will be heard over the heart but no ac- 
companying wave will be palpated in die carotid. This dissipation of 
cardiac energv' without any peripheral effect is commonly present in 
serious arrhythmias. 
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Cardiac mechanism disiurbances can be analjzed and for ihc most 
part accurately determined by the ordinary bedside mcdiods dial are 
at the disposal of all pracudoners. There are, unforiunaiel), a few dis- 
turbances that defy complete analysis by any other dian the clccirocar 
diographic method. 

Emphasis will be placed upon the findings on physical examinadon, 
inspection, palpation, and auscultation o£ die acdvides of the apex and 
the carotid pulse at rest and under sttess. The electrocardiographic 
nieihod is the couit of last ap{>cal and should be applied as a corrobora- 
tive niediod i\hene\cr it is available Present bedside methods arc the 
fiuits of the electrocardiographic method of precision m die hands of 
experts. Frequent coiroboraiion, cliccks and tests tend to sharpen the 
diagnostic acumen of the modern, scicnufic physician. The jiohgr.iphu 
method has been almost entirely abandoned because of the diificuUs and 
unrelinbdity of the technical procedure. There is mucli unccrtaiiitv in 
interpretation of tiiu polygram as comixarcd widi the simplicitv of the 
electrocardiographic diagnosis. 

To establish a diagnosis it may be neccssaiy to icpcat the examination 
after the application of the blood picssurc cuff oi following exercise oi 
carotid pressure, or the adnunistration of amyl nitrite, niiro^lvccrin. 
atropine, adicnahn oi pilocaipinc The disturbances and then charac 
leristics may be learned by rote and the diagnoses made by uilc of duimb 
the general characierisiics of die disturbances .ire suflicient for fairh ar 
curate interpretation of the results. U is, hov\ever, much easier and snfti 
to visualize the mechanism disturbances in terms of the noiinal and 
pathological physiology of the origin and piopagation of the cxcifaforv 
impulses over the he.irt and in icrnis of the assiiciatcd mcrhnimal con 
tractions and waves. 

Special Anatomy and Physiology of the Heart: It is dcsinible to 
review bricflv the specialized anatomy and physiology of die heart to 
insure an adequate conception of the subject when it is prcscntcil to 
• those vdio have not made a particular study of it. In the first pl.ncc. there 
are ccitaiu structuics in die heart that are praciicnlly submerged and arc 
not demonstrable in the gross examination of even die large adult hum.in 
hcaii. Microscopically, these iiiiportanl structuics arc seen to consist of 
rather small, |>ale, cmbryoniclikc heart muscle cells with some nemo- 
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muscular tissue and m some areas endings o£ ner\e fibers and ganglion 
cells l>ing just beneatli the endocardium 

The first structure of importance is the sinoauricular no<le a small 
mass of tissue about 2 cm long and 2 mm m uidtli It is someulnt 
comma shaped and is imbedded in the upper part of the sulcus ter 



minahs tlie grooie between tlie junction of the superior vena cava and 
the right auncular appendage It is sometimes called the Keitli Flack 
node after its discoverers and is found to be made up of striated fibers, 
contaimng uniform and well marked elongated nuclei, fasacular in ar 
rangement and imbedded in densely packed connective Ussue The cells 
are smaller than those of ordinary auricular muscle, are richer in gl)Co- 



DISTURBA^CES OF THE HEARTBEAT 723 

gen, and are supplied with fibers derived from the vagus and sjuipaihetic 
nerves This sinoauncular node was quite properl) named the pace 
maker by Sir Thomas Lewis 

The next structure of importance in tins specialized system is the 
atrioventricular node located on the right side of the interauricular 
septum belou and slightly anterior to the opening of the coronary sinus 
and the Thebesian valve This node ot His and Aschoff wuth fan shaped 
head is microscopically similar to the Keitli Flack node and forms the 
bulbous beginning of the aunculovenmcular bundle From this node 
there proceeds the auriculoventncular or His bundle a compact en 
sheathed cord of specialized fibers whicli runs forward and downward 
in the right side of the interauricular septum for about 2 cm to form 
the only conducting budge between auricular and ventricular tissues 
On reaclung iJie membranous portion of the undefended space in the 
intraventricular septum it divides and straddles the septum die left por 
tion piercing the membrane divides into three strands and spreading 
out under die posterior aortic cusp produces the broad Battened left 
branch of the bundle while the right brancli extends without major 
subdivision to the anterior papillary muscle on die right 

The gateway to the ventricle and the path descending from it are 
someumes called after the discoverers the AschofFHis Tawara node and 
bundle but bodi are more properly called die auriculoventncular node 
and bundle The right bundle brancJi spreads dounuard on the intra 
ventricular septum branching profusely as tt reaches the bases of the 
papillary muscles the left bundle branch divides immediately into three 
sub-branches as it pierces the membranous part of die intraventricular 
septum and spreads to form subeiidocardially as a dense syncytial mesh 
work This specialized tissue extending throughout die ventricular cavi 
lies beneath die endocardium constitutes the so-called Purkmje fibers 
or arbonzations It is because of this vwdespread anatomical system diat 
prompt and complete excitation of the ventricular muscle is accom 
phshed and is rarely interrupted by marked subendocardial processes 

Some Physiological Considerations The normal physiology of tlic 
genesis and propagation of the excitatory impulse is most intriguing 
aldiough still far from being fully understood A theoretical considera 
tion of die important process must now suffice Tlie cell may be pictured 
as a minute mass of protoplasm separated from the surrounding tissue 
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(c) Ventricular (right or left basal or apical) . 

(d) Unkiio^vn ongin 

4 Paroxysmal Tachycatdta (Regular) 

(a) Auricular 

(b) Junctional (nodal or aunculoientricular) 

(c) Ventricular (right or left) 

(ci) UnknQ\vn origin 



Ficure 2 (Courtesy C V Mosby Co St Louis Mo) 


5 Auncular rUiUer (Regular) 

(а) Paro\>snial 

(б) Clu-onic 

6 Auricular ribrtUalion (Irregular) 

(а) Paroxysmal 

(б) Chronic 

IL DISTURBANCES IN PROPAGATION OR CONDUCTION 
OF THE IMPULSE 

1 SinoauTicular Heart Block (Irregular) 

2 Atrioventricular Heart Block 

(ii) Partial A V Block 

(1) Prolonged A V induction (Regular) 

(2) Occasional dropped beat (Irregular) 
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fluid by an exceedingly thin raembr'ine On tlie outer surface of this 
membrane, positi\ely cliarged ions are more numerous, ivhile on its inner 
surface, negatively charged ions arc in tlie majority The attraction be 
tueen these unlike ions creates an electric stress, but ionic intermingling 
IS prevented bv the membrane which is impermeable to them The 
metabolism of the restuig cell supplies die energy required for main 
tenince of this unstable condiuoii and for its subsequent periodic sus 
pension 

In case of the cells of die nodal tissues, this state of djnaraic equi 
librium IS a momentary one Gradually, duiing diastole, die electric 
stress increases, oi the resistance of the membrane decreases, until 
abruptly die membmie bieiks doun and loses its relatively impeimeable 
state Assocnied with this breakdoun, a fall occurs in the electrical 
potentnl of the cell surface, and chemical processes are initiated nidiin 
the cell which lead, on the one hand, to contraction and, on the other 
hand, to restoration of die impermeable membrane with its electrical 
double layer Before this restoration Ins gotten well under way, hoivever 
a local current begins to flou betueen the positive, inacuve, adjoining 
cells and the negative, active cell— a current of such intensity diat it 
initiates a breakdown of the surface of the inactive cells and dus, in turn, 
leads to excitation of ceils at increasing distance Thus, the excitatory 
process spreads rapidly and radially from die specialized sinoauncular 
node or pacemaker and the phenomenon of conduction of the impulse 
and die associated wave of contraction is observed 

Arriving at the auriculoveniricular node, die impulse is slowed sufli 
ciently to allow completion of die auricular systole and then passed 
through die A V bundle to the ventricle Thence it is propagated Uirough 
die right and left branches and spreads in die Purkinje network at the 
rate of about 5000 mm per second dience out through the heart muscle 
cells at one tenth that rate, stimulating in order and almost simultane 
ously the heart muscle of both ventricles, with, as a result, a concerted 
bilateral ventricular contraction 

A brief rest period or diastole then supervenes and the processes 
recur at die sinoauncular node This rhythmic formation of impulses 
m the sinoauncular node takes place at varying rates and, especially 
under abnormal conditions, other irritable foci may supersede die node 
and act as pacemakers The impulse spreading through the auricular 
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muscle 15 rarely obstructed but. because o£ the narrowness of the gate 
way and tlie bridge, conducuon through the A V node and die His bun 
die may be mterrupted by relati\el> circumscribed, slight or gross cel 
lular changes in these structures The \entricular muscle cells frcquentl> 
become h)perimt3ble and interrupt die regular rhythm by sudden, per 
sistent discharges from minute abnormal foci in die specialized or non 
specialized tissue of the free wall musculature Tissues that have been 
slightly damaged, perhaps by undemutntion or other injuries due to 
circulatory disturbances oi toxic changes from bacterial poison, give 
rise to abnormal foci Each of these premature ectopic impulses or ex 
trasystoles usually spreads reirogradely and meets and extinguishes the 
oncoming normal impulse from the S A node thus producing a pro- 
longed postectopic diastolic rest period 

Effects of Nervous Control The auricular muscle die sinoauncu 
iar node, the aunculovenmcular node and perhaps also a larger part 
of the His bundle, are under the direct control of die cardio inlubitorv 
fibers of the vagus, while the whole heart is under sympadietic influence 
The rate of impulse formation is dependent m large measure upon these 
nervous influences An increased vagus tone causes a slowing of impulse 
formation in the pacemaker or lowering of the raie of impulse formauon 
in the sinoauncular node and leduces the heart rate below the normal 
accepted level of 70 Likewise, a removal of the vagus effect or stimula 
tion of the sympathetic or accelerator nerves produces a rise in rate, 
speeds up the rate of impulse formation distinctly above the normal level 
of 85, usually to more dian 100 pei minute a condition which is spoken 
of as a sinus tachjcaidia The vagus tone may fluctuate as a result of 
die respiratory waves in die blood pressure which effect a rhythmical wax 
ing and waning of the heart action, a common irregulant) the so<alled 
sinus arrhydimia The normal youthful heart action slows with expira 
tion and quickens widi inspiration 

Tlie presence of disease in other parts of the body affecung directly or 
indirectly the vagus tone accentuates these effects on the sinoauncular 
node or the pacemaker This is especially true, as will be detailed pres 
endy, of diseases of the thyroid gland the brain, die general nervous 
system die psyche, or the gastromtesunal canal The impulse formation 
in the sinoauncular node may be entirely suppressed momentarily by 
extreme vagotonia, producing a smoaunculai snndstill or block in rare 
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instances. I’aiiiological dianges in die tissues about die node are quite 
likely to be necessary for die production of this disturbance- True sino 
auricular block is, dierefore, probably of some significance in adults. 

Although die sinoauricular node usually dominates the medianism as 
the pacemaker, other foci, m auiicufar, junctional or \eumcufar, speciaf 
ized or unspecialized ussues, occasionally become more labile or irritable 
as a result of temporary nervous, mechanical, ciiculatory, nutritional, 
physical, or chemical changes and give rise to premature discharge of 
impulses. These then spread in all jiossible directions, wherever paths 
are open in the muscle or sjrecialized tissue, and stimulate the heart muscle 
cells to premature contractions, recognized as ectopic beats or so-called 
extras) stoles. The resulting disturbance of initiation or piopagation of 
the next regularly placed sinus impulse results in the postectopic or 
so-called postcxtrasystolic pause. 

Under normal conditions, the wave of e.xciiadon originating in the 
sinoauricular node spreads fnnwisc through the auricular musculature, 
activaUDg it and then dying out. A circus medianism (producing auric- 
ular ribrillation or fiutter) may supersede the pacemaker, as a result 
of certain auricular myocardial changes. The propagation of the impulse 
or wave of excitation may be obstructed by disease in the A-V node or 
in the His bundle or a branch of ilie His bundle. 

CLASSIFICATION OF DISTURBANCES OF THE 

PHYSIOLOGICAL MECHANISMS OF THE HEARTBEAT 

I. IMPULSE INITIATION DISTURBANCES 

A. .\o\ioTOFic' Regular Rli) dims (Homogenetic) : 

1. Vauattan in the Vagal and Accelerator Action (Regular): 

(fl) Sinus Tachycardia, abnormally rapid regular sino- 
auricular rhytlim. 

(6) Sinus Bradycardia, abnormally slow regular smoauricu- 
lar rhythm. 

2. Vagus Arrhythmias (Irr^ulax) : 

(a) Sinus Arrhytlimla, phasic respiratory shift in vagus tone. 

(b) Sinoauricular standstill. 

B. Ectopic. Irregular RliyUims (Hctcrogenciic) : 

3. Premature Contractions, rare, frequent, irregularly occurring, 

regularly recurring, quadrigeminy, irigemmy, bigcnimy or 
coupling (Irrc^lar): 

(a) Auricular. 

' (b) Junctional (nodal or auriculoveniricular) . 
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(c) VcniricuJar (right or left basal or apical) 

(d) Unknown origin 

•1 Paroxysmal Tachycaidia (Regular) 

(а) Auricular 

(б) Junctional (nodal or aunculoseniricular) 

(c) Ventricular (right or left) 

(d) UnknoivJi ongin 



5 Auricular rUUter (Regular) 

(а) Paroxjsroal 

(б) Clironic 

6 Auricular rtbrtllaftou (Irregular) 

(a) Paroxysmal 

(b) Chronic 

II DISTURBANCES IN PROPAGATION OR CONDUCTION 
OF THE IMPULSE 

1 Svioauricular Heart Block (Irregular) 

2 Atrioventricular Heart Block 

(a) Partial A V Block 

(1) Prolonged A V conduction (Regular) 

(2) Occasional dropped beat (Irregular) 
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imtaiices Pathological changes m the ussties about the node are quite 
likel) to be necessar) for tlie production of tins disturbance True siiio 
auricular block is, therefore, probably of some significance in adults 
Although the sinoauricular node usually dominates the mechanism as 
the patemaker, iw.\ in awitnlat, jnncvional os senwiculas special 
ized or unspecialized tissues occasional!) become more labile or iriitabk 
as a result of temporary nervous, mechanical, circulator), nutritional 
pli)5ical, or chemical changes and give rise to premature discharge of 
impulses These then spread in all possible dnections, vihcrever paths 
are open m tlie muscle or specialized tissue, and stimulate the Iieart muscle 
cells to premature contractions, recognized as ectopic beats or so-called 
extras)stoles The resulting disturbance of initiation or projiagaiion of 
the next regularly placed sinus impulse results in the postectojiic or 
so^allcd postextras)stoltc pause 

Under normal condiuons Uie wave of c’tcitauon onginauiig in the 
sinoauricular node spreads fanwise through the auricular musculature 
activating it and tlien d)ing out A circus mechanism (producing auric 
ular fibnllatiou or flutter) ma) supersede the pacemaker, as a result 
of certain auricular m)ocardial changes The propagation of the impulse 
or wave of excitation ma) be obstructed by disease m the A V node or 
in the His bundle or a branch of the His bundle 

CLASSIFICATION OF DISTURBANCES OF THE 
PHYSIOLOGICAL MECHANISMS OF THE HEARTBEAT 

1 IMPULSE INITIATION DISTURBANCES 
A Nomotopic Regular Rliythms (Homogenetic) 

1 Variation in the Vagal and Acceleralor Action (Regular) 

(fl) Sinus Tadi)cardia, abnormally rapid regular 5iTit>' 
auncular rhytlim 

(6) Sinus Brad)cardia abnormally slow regular smoauncu 
lar rhythm 

2 Vagus Arrhylhmtas (Irregular) 

(q) Smus Arrhythmia phasic respiraiorv shift m vagus tone 
(b) Sinoauricular standstill 
B Ectopic Irregular Rhytlims (Heicrogencuc) 

3 Premature ContiacUons, rare frequent, irregularly occurring. 

regularly recurring quadngemmy, trigeminy, bigemin) or 
coupling (ltreg?iUtr) 

(a) Auncular 

{b) Junctional (nodal or aunculovcnincular) 
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(c) \'cnincular (nght or left basal or apical) 
(rf) Unknoivn origin 
4 Paroxysmal T(ic/j)carrf»a (Regular) 

(a) ■\uncular 

(i>) Juiicaonal (nodal or auncufoientriaifar) 

(c) Ventncular (right or left) 

(d) UnknotMi origin 



5 /liificidar Flulter (Regular) 

(a) Earo\)Sjnal 

(b) Clironic 

6 Auricular Fibnllalton (Irregular) 

(a) Parox)snjal 

(b) Chronic. 

II DISTURBANCES IN PROPAGATION OR CONDUCTION 
OP THE IMPULSE 

1 SinOfli<ncu/flr Heart Block (Irregular) 

2 Atrioventricular Heart Block 

(a) Partial A V Block 

(1) Prolonged W induction (Regular) 

(2) Occasional dropped beat (Irregular) 
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(3) Low grade A-V blocL 10-9 doun to 4 3, 2-1, and 
occasionally to t-I and c\cn G I. 

(b) Complete A-V Dissooation (Regular) : 

(1) Temporary or transient 

(2) Clironic, permanent. 


SCHEME or CIRCULATORY PHEN0t1EN\. 



FiCLac 5 


3 Bundle Branch Block (Regular) . 

1. Alternation (pulsus allemans). 

Clinical Types and Differentiation: The clinically recognizable types 
of disturbance of the cardiac medianism should be liad clearly in mind 
before beginning the disaission of each of the individual disturbances 
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It IS most logical to clissiCy the conditions on a physiological basis pro- 
ceeding from tlic purely functioml and definitely innocuous disturbances 
to Uiose of increasing seriousness or significance and, finally, to those dis- 
turbances that in themsches mean heart disease Tins classificaiiou of 
the ^arlOus conditions does not eisily lend itself to clinical diifcrcntnl 
diagnoses It is thcicfore desirable to discuss die conditions in the way 
in which the diagnostic problems may present themsehes 

Tlic heartbeat ma> be fast or slow regular or n regular pcrsisicnil) 
in the same condition or changing fioin tune to time from one condition 
to another There are some conditions in which the rate is always fast 
and oiheis in which it is always slow Some disturbinces \-ary not one 
beat in minute to minute counts others \ary greatly in jiciiodic counts 
some are always regular oiheis always irregular some aic usually regular 
but occasionally inegular others are usually irrCj,uhr and occasionally 
regular Gioupiug the disturbances according to these findings is the 
first step in difTcrcntial diagnosis The degree of the disiurbantc is quite 
nnjiortant and this is determined by the careful full minute count of the 
rate of the lieari or apex beat coumed with a stcihoscopc 

Differential Diagnosis -1 mptd uvular heart action may be nnus 
tachycaidia Jiaroxysmal Uichycaxha, or nuricuhr Putter i slow re^idir 
mechanism may bciinus bradycardia or auriculovintncular heart block 
ciihei high glade partial or complete V lapid nregular heart auion 
usually means auncitlar fibrillation, but may mem frequent frcinalure 
conliactions, intcnupled shoit puioxystiis of tachycardia or incgular 
blocking in auricular Putter A slow irregnla} mechanism may be i 
digilali ed fliiricufar fibrillation or one of the slow fibrillations of aged 
people partial hcail block or a noruial biadycarilia interrupted bv pre 
mature contiactians or i sinus arrhythmia 

Now to proceed with further diffcrcnuaiion it will be ncccssaiy to 
gi\e some of the diagnostic characteristics of the commoner types of 
disturbances 

The fast and most imjxirtaiit lule should be that any absolutch 
irregular heart action that ]>crsists when the heart rate is increased lo 
i o per ininute most piobably is auticular fibnUalton If mcgulariiy 
persists as the rate uses to i }0 it is tlinost ccitain that the incclninsin 
disiuibuice IS auricular niinllmon VI! other disimbanccjs ilui produce 
iricguhrity disnpjitii as the heart me rises Hie hcJil laic miy be 
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increased by slight exercise or by lire use of am)l nitrile, niirogljccriii 
or atropine. In ilie presence of an absolute arrh)thinia, a rise in the 
heart rate to too, 120 or 1 jo is not usually accompanied by a similar rise 
in the pulse rate. Many of Ute \cntricular contractions come at such 
short diastolic intervals and are conscqucmly so feeble, and act upon 
sucli a small volume of blood, that they are not able to raise the blood 
pressure above that in the aorta. They consequently do not open the 
valve and, therefore, are not propagated to the periphery, and thus is 
produced the disturbance known as pulsus dgpdt. 

Premature contractions coming early in diastole may also fail to open 
the aortic valve and, therefore, likewise result in a deficit. 

An irregular rhythm due to premature contractions that disappears 
on increasing the heart rate, returns as tlvc heart rate drops; as docs also 
tlie irregularity of partial heart block. In the case of heart block when 
the intermittency reappears iii the pulse, auscultation of the apex also 
reveals complete silence during the pause. In the case of premature 
contractions, as die iieait rate drops and the pauses occur in the pulse, 
there is nearly always the audible sound of the premaiuTe beat early in 
the diastolic period at the apex. The ectopic beat thus may or may noi 
come through to die carotid or the radial. 

The w'axing and waning of sinus arrhythmia, revealed on careful 
examination, is exaggerated by forced respiratory movements and is thus 
easily identified whenever present. It is rarely found unless the heart 
rate is well below 100 per minute. 

^Vhen die heart rate doubles itself or increases by a definite multiple 
following exercise, amyl nitrite, or nitroglycerin, the presence of partial 
heart block is to be seriously considered. A coupling of beats may mean 
a rare 3:2 heart block, but it usually means a bigeminy, viz., every other 
beat is premature and is followed by a long, postextrasyslolic pause. A 
tripling may likewise be a .1:3 block, a trigeminy, or a rare interpolated 
premature contraction. 

A slow, regular rhythm at the rate of .^o per mimiie usually means 
heart block but may, in rare instances, be a jintM bradycardia; in this 
latter condition there is a definite or slight rise in rate, according to tlie 
amount of e.xercise or amyl nitrite given. The rate docs not increase by 
a multiple nor does it approximately double, as in the case of partial 
block. A rate below -lo is practically always due to complete heart block. 
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This condition is further suggested when there is little or no increase in 
rate follo^v^ng the exercise or amyl nitrite tests. A rapid, regular rhytlnn 
nt a rate of between loo and j 20 per minute is usually due to sinus tach)- 
cardia, especially if it is susceptible to vagus influence. When the rate is 
between 120 and 180 per minute, auricular fluller is to be considered 
and is more likely to be present when vagus pressure brings about slow- 
ing that can be maintained for a few beats only. A rate between 180 and 
240 suggests paroxysmal tachycardia, especially when there is die diarac- 
teristic sudden onset and offset of the tachycardia. 

I. SINUS TACHYCARDIA 
Synonym: Simple tachycardia. 

Definition; Sinus tadiycardia is a sustained increase in the heart rale 
beyond the normal limits for the individual. 

The disturbance is the evidence of a transient or persistent decrease 
in the \agus tone or increase in accelerator activity, a change sudi that 
the rate of impulse formation in the sinoauricular node is increased, 
usually without any ocher disturbance in the mechanism, in the origin 
or the propagation of the impulse. As a rule, a persistent rale abose go. 
and certainly one above 100 beats per minute in an adult with au other- 
wise normal mechanism, should be considered sinus tachycardia. In 
diildren, especially infants, the nonnal rate is higher. The fact that at 
birtfi and during early infancy tlic rate is 130 to 14G, at two years 120, 
at four years 110, at eight years 90 to 98, in die adolescent of 15 yeais 
between 80 and 90, and in the normal adult 72 to 78 per minute on the 
average, makes a sliding scale necessary. Age must be an important con- 
sideration in the establishment of a natural normal heart rate. 

Temporary or Transient Sinus Tachycardia: This is die common- 
est change of cardiac mechanism, and it occurs often with the slightest 
provocation and persists from a few minutes to a few hours. 

It appears in perfectly normal individu.ils as a result of exertion, 
excitement or drug action, or from unknown psydiogenic causes. The 
normal response to exercise is an increase in the heart rate resulting from 
a decrease of vagus together with an increase of accelerator tone. 

Case I: Rapid Heart Action from Fear; Psychogenic Tachycardia: 
T. yV., a little darky boy of six years, was brought into the orthopedic 
service for treatment of a lame 1^. He had lived in die country all his 
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life and uas hteraliy scared lo death lie was brought to the hospital 
There was no history of severe infccttoi^s nor of signifcant disease proc 
esses except iliat he was born with a deformed foot It was noted tliat he 
Ind always been a very nervous duld 

The physical examination was entirely negative except for a cli b 
foot on Uie left and a ratlicr rajud heart action The laboratory studies 
revealed no pathological citanges in the iirinc siojI or blood It v as 
noted that his heart rate was normal during sleep 

\n electrocardiOorun was taUn and levealcd no abnormahiy other 
linn a liigh grade of sinoa inciilar tachycaidia with i heart rate of 136 
per iinnuic He was so scared of the clcoiri>cardiogra])hic pioccdure that 
It was impossible to get a tracing \ hen his licart rate was low 

The orthopedic ucaimcnt was carfitd out and he was disdiargcd 
improved 

In exercise these changes are a response to increased venous return 
and to changes m the blood |>ossibly including slight iclaiivc oxygen 
uam the accunuilation of acid metabolites of ninscuhr icttvity and lug 
mented epinephrine outpuL The increased demand for oxygen in all 
tissues of the body includnig the heart itself must be supplied by an 
increase m circulation In die ordinary tolennce lest of exeicise the licart 
rate will rise from 20 to 10 beats as a result of mild exertion but there is 
always a fall to the normal level uitlim two minutes 

Diagnosis If thcie is any doubt as to the diagnosis electrocardio 
graphic studies should be employed if available This method of pre 
cision will show a perfectly typical nonijal mechanism with sequential 
P waves and narrow QRST complexes with shorter diastolic or TP 
intervals consequent upon the increase in rate 

Emotional psychic or psychogenic factors may increase die heart rate 
and maintain it at a high level for shorter or longer periods of time This 
is especially true in neurotic patients with either nenrocirciilatory asthenia 
or posiiufeciious vagus lability who may mu a simple tachycardia for 
shorter or longer periods of time Even m diese the pulse rate drops to 
normal especially during sleep Anxiety neuioses and neurasthenia show 
as part and parcel of dieir clinical manifestations a distinct imbalance 
m the sympathetic or involuntary vegetative nervous system 

Case II Tachycardia of \euroaascuiar AsU e ua yv S a negro 
aged 31 complained of palpation v eaUiess shortness of breath gidd ness 
and vertigo His symptoms had begun shortly after Jie bad taken a job 
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as sirikebreakci on Uie ^\aicr front Tlie scab work o[ a longslioreman 
was nerve wracking as well as strenuous He had previously been iinem 
ployed and bad never done anything more ibaii porter work. He had 
bad an inilucnzal infection 'several weeks Iveforc lie had undertaken the 
strenuous dunes on the vvharf. 

The physical c\aniinaiion showed an anviuus young man with rapid 
respiration The tacliypnca dcfiiiitclv gicw v^orsc as his case was being 
considered He vvas slightly Quslied and at tunes sJjowed pallor He was 
of the asthenic t\j>e There were no major siij^inaia or hysteria lunuil 
tons action of his heart at a rate of about 120 to 130 per iniiuitc was 
conspicuous The blood ]>rcs$iire was found to diiciiiatc consuIcrihK 
and be tjuiic labile sometimes it was IjO/90 hut usualh about lOU/70 
The heart was not definitely enlarged Thtrc were litard no significant 
murmurs nor abnormalities of the hetrt sounds The lungs showed no 
rtlcs The liver w’as not tender \o edema v%as present in the tvircmitics. 

The electrocardiograms recorded onlv a sinus tachyctrdi i of IIO and 
no other deviations from norinit 

V consideration of all the facts lead to the conclusion that the jiaiicni 
Was suircniig from a sympathetic nervous imbalance ilu result of psvclnc 
and physical strain Ihc diagnosis of ncurocirculaiorv asthenia nr the 
effort syndroinc was made He was reassured put on graduated e\cr 
ciscs and improved considcrablv He vvas advised to do lighter work 
under less severe and less strenuous circumstances 

Drugs that usually ifTcct the he in ntc arc nun 1 jninte imroglvteim 
'iiropine quinidiue cpinephitue cphedrinc ind nieotiuc \m>l nitiiic 
elTccis t reduction in vagus tone is a sctondiry elnngc due to ilie rcduc 
tton of blood pressure \lropinc paralyres vagus endings peripherallv 
IS does quinidinc to a less extent Cpincplninc ind ephednne pninarilv 
sii/nithie 7Cce}cntors t\tcon/te tn c\ccssjte doses mil Inicnsnnihrclfca 
while in srinlJerdoscsor in early poisoning the opposite vagus tonic effect 
IS predominant Tlie transitory or more persistently increased heart rite 
beginning insidiously and ending in the same fashion may be recurrent 
when Uiere is a return of the exciting factors 

Case III Raptd Heart Adwn of Asthm ttir Bronchitis and idrenaltn 
Idmimstration C H a white boy of ten vears was seen in Ins home in 
an acute attack of respiratory distress During the previous week he had 
had an acute corvra with some fever and jwm in Uic face soreness in the 
throat and hoarseness The process rapidly involved Ins paranasal sinuses 
During the niglii after the smusius ap|icaitd he suffered a tightness in the 
cliest and shortness of breath He had been given an injection of a Ircnahii 

49 
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Avhich did not relieve him \ei^ mudi but made him nenous and caused 
Ills heart to palpitate. He had had prcMous attacks of the same trouble 
each uinier, usually at Thanksgiving and at Christmas time. He had hail 
no otlier infectious diseases 

On physical examination he showed Uic evidences of a status 
asthmaticus and subaaite nasopIiar)ngitis and an asilimatic brondmis. 
He began to expectorate bloodtinged sputum in large amounts. The 
palpitation and tadi)cardia {icnisied. 

An elcctrocardic^ram v»as taken and showed, os die onl) abnomialit), 
a sinus iach)cardia. He was put under an oxvgcn lielium tent and was 
given an ampule of 0.1 G of aintnophylhn intravenously. After 12 hours 
the tightening in the diest began to let up and there vvas a rapid deariiig 
out of purulent exudate. Within a vvcck he was able to go back to sdiook 
The heart rate gradually drop|)cd back to normal. 

A prolongation of the period of rapid heart mtc, that is a persistence 
of the sinus uchjeardia, leads to the suspicion of a mure serious disturb- 
ance. such as a postfebrile or Infectious Injury of the m)ocardiuni. espe 
ciall) uheit the lieart race remains over too. wiili the patient under basal 
conditiuns Low grade chrome focal Infections of the teeth, tonsils, 
accessory sinuses, lungs, the prostate, cervix or die gallbladder and more 
rarely in the heart itself, may produce no jwln and very little rise in 
icmperature, but may be the source of trouble. 

Febrile reactions from acute Infections, with a few rare exceptions. 
Will produce a rise of from seven to nine beats for each degree of fever 
Tuberculosis is especially prone to produce a high rale except in rare 
instances, where it Involv’es die basal meninges and secondarily stimulates 
the vagus. Typhoid fever is characteristically accompanied by a relatively 
slow heart rate. Chronic pelvic InRaminaiory diseases are often subfebrilc, 
yet often present a tachycardia. Influenzal infection occasionally damages 
the heart to such an extent dial the tachycardia persists and other evi- 
dences of myocardial damage apjicar sooner or later. 

Case I\'. Febrile Tachycardia of Lobar Pneumonia: W. C. H., aged 
26, was awakened during ihc night with a sharp pain in the region of the 
heart, a chill and high fever. Early during die previous day he had gotten 
wet but had continued to work. Late in the afternoon he began to feel 
unusually tired and at supper time he did not care to cat. His alc«p was 
rather disturbed by restlessness and he awakened at alwut 2 a. m. wiih 
a chill, fever, and a pain in the left diest. The pain was worse on deep 
brcadiing His LreaUi wtis shon. He vvas somewhat nauseated and tried 
lo vomit. 
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The ph)sical examination showed an anxious definitely evanosed 
)ouiig man Tlicre was marked respirator) distress an expiratory gnint 
and a rate of 10 per minute He had a fc\er of 101° and a pulse rate of 
1 10 per minute The respirations were shallow The examination of iht 
heart showed nothing but a ripid licart action The blood pressuic was 
low', 110/80 There was increased tocal fremitus and dullness in the left 
base posteriori) A distant leatlicr) pleural rub changed the bronchial 
breatli sounds and sharp crepitant rales were heard oser Uie left lower 
lung The signs of consolidation were unmistakably m the lower lobe of 
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the left lung The sputum was like prune juice and contained nnin 
pneumococci of T\pc I 

The leucocyte count was 2lh00 I he patient wis given aiiiipiKU 
mococcus Type 1 scrum A total of laO 000 units brought his vcmjicrauue 
down to norma] wiiliin 30 hours and his symptoms were greatly relieved 

The electrocardiograms (lig J) showed sinus lachycardn wnh a 
return to the nonnal me as soon as the fcier disappeared 

Among the metabolic disturbances obesity apparently tends to in 
crease the heart rate while the outstanding condition of tliyrotoxicosis 
or hypertliyroidisiu charactcnsucally gives a considerable rise in heart 
rate that is roughly jiroporlional to or is a rough index of the tlcgrte of 
increase in the metabolic rate 

Case V Toxtc Tachycardia of Hyperthyroidum uitfi MyocanhaJ 
Damage V B a negress aged 25 was adnutted complamiiig of nervouv 
ness throbbing of the heart promineno. of the eyes and jaundice Her 
symptoms had begun rather suddenly during the previous year She 
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found iicj-self quite iienous after the dcatli of her father She preg 
nant at the liiiic and hci ncr\ousncss increased tinoughout her prcgnanc% 
and has made distinct!} uorse by an ilniost c\sanguinaiing hemorrhage 
and sepsis that sJie had it tl\e time of her second parturition six hccks 
pieviousl) She liad iccosercd from ilic infection ver> slowly and liad 
nc\cr legaincd her nonnal strength or composure She complained of 
fatigue at die slightest exertion and suffered scscrel) from palpiiaiion 
The jaundice disappeared about two weeks before admission to the hos 
pinl It was Old} assoaaicd wiiJi imid gastrointestinal symptonis 
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The physical cxammaiiun showed a very ncr\(ni$ jerking }oung 
negress with a very definite cxophibalinos The jaundice had practically 
cleared up The skin was warm and moist The thyroid gland was 
diffusely syniinctrically and bilaterally enlarged On palpation i slight 
ihrdl was felt and a slight purring was heard over the gland The retro 
nnnubnal dullness was slightly increased suggesting thymus enlarge 
nient 1 he heart was at the upper limit of normal for size and was over 
active at the rate of HO per minute The blood pressure was low llO/Ga 
The lungs were negative and no rales were heard at the bases The liver 
was slightly engorged enlarged and tender there was a slight pitting 
edema of the extremities 

Tlie diagnoses of hyperiliyroidism with slight myocardial cliangcs 
and mild congestive failure were made 

She was given tliree cat units of Thevciin which slowed die pulse 
rate from about 150 to 120 per minute She was then put on Lugols 
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I and K. I. solution, 5 mm., tlirce times a day, and given absolute rest in 
bed. Under this regimen she quieted down and tlte Jieart rate dropped 
slowly and the metabolism dropped to about a plus 40 and the pulse rate 
to 100. She was submitted to surgical operation and after a subtotal 
ili)roidectomy she improved remarkably. She was discharged apparently 
well with a heart rate of 90 and sinus arrhydimia. 

Electrocardiograms shown in Figure 5 reveal a sinus tachycardia, a 
slight S-T sector and T wave changes, and later sinus arrhythmia with 
increased T wave negativity in all leads. 

The disturbances in blood volume or shifts in blood mass, as in surgi- 
cal hemorrhage and shock, or as a result of ether anestliesia, at first pro- 
duce a distinct tachycardia. 

The etiological factors concerned in sinus tachycardia are various, 
but no one patltological state is responsible. As a rule, the pathogenesis 
depends merely upon a functional imbalance between the effects of the 
vagus and the sympathetic or accelerator nerves. The symptoms of the 
condition ate by no means characteristic and usually give rise to no com- 
plaint, although sligitc palpitation may have been noticed. Sinus tachy- 
cardia is to be differentiated from the other types of rapid heartbeat in 
whicit the point of origin and the character of die impulse formation, 
that is die mechanism of the beat, are abnormal. In the latter conditions 
the clianges are pifmarfly in the heart, while in sinus tachycardia the 
causes aie usually extracardiac. 

Clinical differenUadon of the t>i>es of tacliycardia is a simple matter 
in most instances because of the presence of definite or easily determined 
etiological factors in the Jiistory of tfic case. The insidious onset and the 
gradual offset are of similar type and character. Stimulation of die carotid 
sinus by pressure on the bifuication against die transverse process of ihe 
cervical vertebrae usually lesults in a perceptible slowing, causing die 
rate to vary fioin minute to roiiuite, esjsecially during these maneuvers. 
Auricular flutter with 2:1 block gives a perfectly legular rapid heart 
action of 1.^0 to 180 per minute. Under such conditions die more or less 
characteristic susceptibility of die A-V conduction path to a temporary 
increase in block produced by carotid sinus stimulation is usually sufii 
cient for differentiation; die rate goes back to the previous rate even uiili 
conuiiuance of tlie stimulus. 

Paroxysmal tachycardias, especially those of auricular and nodal 
origin, present no etiological factors. The abrupt onset and the abrupt 
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offset characien7e them In half the cases of pirox)snial auricular lacliy 
cardia carotid pressure Ins no effect whatsoever, no altering of the ntc 
from minute to minute In the other half of tlie cases however carotid 
pressure or any other form of vagus stimulation will stop the paro\)sins 
the high rate ot ibo to 260 dropping to an absolutely normal nte of 70 
to go beats per minute The patient during a paroxysm of auncul ir 
Lacliycardia is usually not very much distressed and ceitaiuly not to the 
extent expected at such a high heart rate 

Nodal or junctional tachycardias are usually somevvhai less mnuenced 
by carotid pressure than the susceptible auricular tachycaidns and the 
auricular flutters but are usually more affected than the refractory half 
of auricular tachycardias 

In ventricular tachycardia dieie is usually a slight irregularity of five 
10 six beats noted in minute to minme counts The rate of the vemncu 
hi tachycardia vanes more than the ordinary two beats per minute 
Usually there is also a history of some severe precipitating factor fre 
quently vascular disease of the coronary system witli or without cirdnc 
infarction due to coronary thrombosis die httci often with 1 second iry 
pericardial friction rub and frequently also uidi pulmonary edema as 
accompanying frothy blood tinged sjmtuiu Further evidence of vascu! ir 
damage is usually to be found e g a reverberating aortic second sound 
suggesting aortic and coronary sclciosis and a systolic murmur Hie 
ventricular pacemaker is usually below the level in the conduction sys 
icm at vvhicli tiie cardiac iieives ire effective and therefore there is no 
resjxjiise to pressure on the carotid sinus exertion exercise change in 
position or amyl nitrite 

Prognosis Sinus tachycardii especially the inusieiit type is of no 
serious significance for it is a normal physiological res|xmse in otherwise 
normal individuals Persistent sinus tachycardia is usually a part of a 
definite clinical syndrome and its prognosis depends upon the prognosis 
of the underlying condition Under such circumstances it is entirely 
extracardial and therefore in itself simply suggests heart disease or the 
presence of myocardial damage It is tliercfore not a reliable sign of 
lieari disease In the overly obese individual it may be taken as an mdt 
cation for prophylactic weight reduction 

Sinus tachycardia along with edema m the dependent pirts dyspnea 
and orthopnea and some cardiac enlargement primarily dilatation is 
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o! gra\e significance and indicates, along with the otlier signs, serious 
myocardial damage e\en m the absence of murmurs The presence of a 
sinus tachycardia, murmurs tliat signify cliromc cardiac \al\ular disease, 
and the absence of the extracardiac disturbances iliat produce it, lead to 
die suspicion of the all too hequeiit secondary infection of heart vaJies 
which is usually due to anhemolytic streptococci (yiridaus) or an exacei 
bation of acute rheumatic endocarditis Persistence of tlie high rate 
under these conditions indicates continued activity of the process Post 
febrile sinus tachycardia as encouiiteied m typhoid fever is usually due 
to a persistence of nerve imbalance Rarely does it suggest that the heart 
muscle has been damaged, and the lengtli of time it persists is a rough 
indication of the amount of damage done In typhoid fever the myo 
cardial damage consists of hyaline degeneration wiUiout exudation, so 
that it is practically ahsays completely healed vmUioiu any penmneni 
defect or disturbance. 

Treatment* In sinus tachycardia this is, of course, to be directed 
touard the cause When die latter is eliminated the distuibance inuilh 
subsides and no especial specific treatment of the tachycardia is nccessaiv 
In tachycardias of psychogenic origin or of distinct, definite imbalanct 
in the vegetative nervom system, the use of vagus stimuJating drugs such 
as pilocarpine and acetyl chohne have been advocated by die French 
In a case that presents reliable signs of cardiac damage, or even uhen 
these signs are not absolutely conclusive, there is good reason to suspect 
cardiac damage from previous infection or oilier causative agents It is 
safest to try lest in bed until a normal level is established, which siioultl 
never take more than three oi four ueeks Sometimes we find ilie rate 
wi/f not return to normal uniif we get the patient up Then gradually 
apply passive motion and a short regime of exercises of gradually tncrcas 
ing grade Then allow the patient to assume the upright position for 
short and longer periods Thus slowly Uiere is a regaining of the normil 
nerve balance to the point where the lieart will carry its load without 
abnormal increase in rate 

II SINUS BRADYCARDIA 

Synonym: Simple bradycardia 

Definition; Sinus bradycardia means a decrease in the heart rale 
beJon ihe normal for the individual with respect especially to age If is 
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ihc evidence of a iem])orary, transient, persistent, or permanent inaease 
in \agus lone, such that the rate of impulse formation in the sinoauricu* 
lar node is decreased uithout any other disturbajice in the mecJianism 
of the origin or propagation of the excitatory impulse. As a lule, an) 
heart rate below 70 beats per minute in a cliild or )oung adult witli an 
otherwise noimal mechanism may be said to present sinus bradjeardia. 
Tile condition is considerably less fretpient than its counterpart which 
has just been described, and may be cither transient or persistent. 



FiCLRt. G. Sinus br3d)cartlia of increased iiKrairanial pressure. 


Etiology: The ciioh^gical factors range from normal physical adaj>- 
tation to serious central ner\‘ous s)slem disturbances. Athletes in train- 
ing are prone to ha%e a slow heait rate. Among the general run of normal 
individuals it is not uncommon. The so-called vagotonic individuals will 
also present other evidences of increased vagus tone, especially iviih result- 
ing mechanism disturbances in the gastrointestinal canal. Many normal 
individuals kept at basal conditions o\er extended periods of time will 
be found while at rest in bed to haxe a heart rate between 50 and 60 beats 
per minute. Starvation augments the slowing effect of rest on the heart 
rate. Reflex or direct vagus stimulation will cause a fall in the heart rate. 
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increased intracianial piessure irom a tumor or tlie accumulation of 
exudate in the basal meninges niiy produce persistent bradjcardia 
Jaundice oE moderate grade apjiears to produce a characteristic sinus 
bradycardia The heart is slowed either through central ner\ous effects 
oi moie probably by direct toxic action on the sinoauncular node 

C\SE VI Smuf Biadycardta of Increased Intiacraiual Ptessure 
V G aged 15 a joung Cadiin boy came into the hospital complaining 
of headache on the right side just aboie the right cje with increasing 
dronsiness and lexer He dated his trouble ftoni a cold in the head about 
four weeks piesiously rolloi ing the acute stages he had considerable 
discharge from his nose particular!) from the right side and he began 
to ha\e some headache The headadic continued and grew worse as time 
went on and a slight feter apparently persisted and the pain dcieloped 
and spread from tlie upper nasal side of the orbit to aboie the eje and 
into the frontal region of the head 

Ph)sical examination showed some swelling above tlie right eve and 
an exquisite tenderness m tins area and up over the frontal region 
Examination of Ins nose revealed a purulent discharge coming from his 
right frontal sinus and cxtdenccs of a preceding corjza There was some 
slight disdiargc in the posterior phaiynx and the tonsils were subacuiel) 
inflamed There were a few neck glands felt at the angles of the jaw and 
the posterior auriculae and cervical glands weie palpable on tlic right 
Roentgenograms showed suspicious clouding of tlie right fixjnial stnus 
The heart w is not definitely enlarged but v as in a transverse position 
due to the high diaphragm The licart rate was very slow 60 per mmute 
The blood piessure was moderately elevated 140/60 There v ere no 
murmurs or adventitious sounds Jicard over the heart the abdomen was 
greatly distended appaienlly the result of a paiwlytic ileus The exiremi 
ties were negative The reflexes were normal and equal on both sides 
no pathological reflexes were detectable Examination of the ocular 
fundi shot cd questionable edema of the discs particular!) on the right 
The electrocardiograms (Fig 6) recorded a ver) defiime sinus brads 
cardia of 60 along with left axis deviation piobabl) largely positional 
Later on a low iionnal rate was recorded Cxeicisc caused only a sliglu 
rise III the rate and atropine also had only a slight effect causing n rise 
to about 65 per minute 

On the bases of the extreme bradycardia tiic ocular cvaiiiination 
was repeated and the evidence o£ papilledema was noted ^\lth con 
tinuation of the bradycardia and choked discs thcie was evidence Uiat 
there was probably some intracranial involvement 

A diagnosis of penetrating abs«ss of the right frontal lobe was made 
and die patient was submitted to craniotomy The abscess was located 
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inarsujjiali/cd and evened lo dram. Tins patient's heart rate rose to a 
low nonna! of 70 during the operation and later to 75 per minute after 
recovery had taken place. 

CvsE VII. Jhadycardia of Catarrhal Jaundice: Ik. G, Mexican, aged 
13. came into the hospital because of the yellow discoloration of his 
eyes Ills aiiciuion was called lo a diangc in his sderae by his fnends. 
He had had no severe symptoms llitrc had been some malaise, feverish 
ness and vague gastrnmttsttnal imeasmess vvhidi had been present for 
several weeks. He rcmcndicrcd having h-nd nausea, vomiting, and some 
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dull pain m the upper aWomeii, and constipation two weeks previous 
to admission He took salts at this time and tiie local distress vvas some- 
what relieved. The general feeling of indisposition ]>ersistcd. 

He gave no history of picvious rheumatic fever or cardiac involve- 
ment He did not know* what Ins pulse had been before the jaundice 
He had never had any palpitations, shortness of breath or edema He 
had not had tonsilhiis 

At the physical examination in the hospital his sderae were found to 
be intensely jaundiced, and the raucous membranes of Ins mouth vvere 
icteric. His deeply pigmented skin made less conspicuous the jaundice 
of the body He was slightly lethargic and a remittent fever persisted 
His heart was well within the nonnal limits for size. No murmurs were 
heard but the rate was unusually slow, averaging between 70 and 80 per 
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niinuie. No cliange in the relatne bradjcardta could be produced bj 
pressure on the carotid sinus, but excrase caused a definite rise m the 
rate. Atropine did not ha%e a striking effect, as it usually does in brady- 
cardia The blood pressure was low, 110/70 in both arms. His lungs tvere 
negatiie. The abdomen ivas distended and an enlarged tender liver edge 
was palpable. 

The icterus index was 70, and the VandeiiBerg was positive direct 
Urobilin w as present in die urine and in the stool A diagnosis of catarrhal 
jaundice was made. 

TJie electrocardiograms (Fig 7) showed a perfectly normal cardiac 
mechanism and later on there was an actual tach)cardia smus bradycardia 
The bradycardia in die presence of fever was aitribiited to the jaun- 
dice. In the hospital his jaundice began to clear following his duodenal 
lavage with magnesium sulfate. The gallbladder drainage procedure 
brouglu fortli slight evidence of duodenitis, but very little bde or detritus 
from the bdiary tract. After a few weeks liis jaundice had cleared, his 
relative sinus bradycardia was displaced by an actual tacliycaidia wiUi 
an increase in rate to about 80 per minute, and 105 later on, just before 
lie was discliargcd front the hospital. 

In convalescence from dipiuheria, typhoid fever, and occasionally 
from influenza and other febrile conditions, patients often present a 
distinct decrease in the pulse rate. Sudden rise in blood pressure may 
cause a bradycardia by reflex vagus stimulation fioni tiie carotid sinus 
TJiis is especially marked as die outstanding part of the Branham syn- 
drome during the diagnostic closure test of arteriovenous aneurysm. 
^Vomen in parturition, after prolonged labor, nervous and pliysical 
exhaustion, and fatigue, will have a slow pulse and heart rate. Anoxemia 
seems to predispose to sinus bradycardia. 

Certain vagotonic drugs, especially acetyl choline and pilocarpine 
and occasionally physostignnne, may effect a slowing of the pulse, but 
morphine and digitalis rarely have this effect in the presence of a sinus 
mechanism. Atropine may be used to eliminate entirely whatever vagus 
effect may be present and thus identify die slowing in normal individuals. 

Fainting attacks in individuals with slow pulses are usually vagal in 
oiigin. In unusually susceptible vagotonics, syncopal attacks may be 
precipitated by slight emotional disturbances. Some individuals are so 
susceptible tiiat slight stroking of the neck by the barber in massage after 
shaving, or the drawing together of tlie coat collar by the fond vvife as 
she bids her husband farewell, may precipitate die syncopal attack 
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C/\SE VIII Sitius Uiadycardta and Allads of FaniUng Due to Swo 
auricular Standstill as a Result of a Hypenmtable Carotid Sinus Reflex 
W M nged 2 j nn athletic )ouiig man complamcU of falling out 
itiachs which occuircd e\cr> lime he got into a certain barbers chair 
He wai greatly ilisiiirbcd and began to bclictc Uiat the barber liad some 
supernatural inlluence over him was hypnotizing him and was perhaps 
bent on some misdncf He tried oilier bai}>ers in the same shop but had 
no siiuilai experiences When pm to close questioning he stated that the 
barber worked just about like any other barber but that his barber had 
pcrlnps a bit mote power in his Ungers paniailarly when it came to 
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s n s reflex 


Stroking Uie sides of the neck after shasing He was unusually vigorous 
in Ins massage on the skin and in rubbing in the shasing lotion 

The young man had no other symptoms uhatsocser There was 
nothing in the least suggestne of heart disease He had noted that he 
had a slow pulse His past history was absolutely negatne for any ctiologi 
cal factor He had done a gixnl deal of track work during Ins college days 

The jilnsical examination showed a stalwart young man who was a 
bit anxious about himself He was of the hyjscisthcnic type The muscu 
laturc was raificr heaty and piuuiincnt No oliicr abnortnahttes were 
made out in the careful study of the neck The clicst was broad The 
liean was m the tiansscrsc position well within the mid cl nicular line 
The rctromanubrial dullness was nonnal I here were no mumiui-s or 
advcmnunis sounds Tlic heart rate was 18 per minute The blood 
pressure was H8/7J The clecoocardiograms (Fig 8) confirmed the 
diagnosis of sinus bradycatdia 

\\nh the patient in a reclining position j lessurc was applied over 
the bifurcation of the caiotid artery on the right midway between Uie 
inner end of the clasicle and the anjc of the jaw There was inaugurated 
in the side of the neck in the hypersensitive carotid sinus vagotonic reflex 
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He could of course give no adequate e\planaiion for lus action nor 
could he see any reason for his peculiar sensation He had of ctiurse 
fainted easily m life before on the slightest provocation but he had for 
gotten about tt until be nas questioned He had never had diphtheria 
nor rheumatic fever nor any other senous infectious disease tltai might 
have involved the conduction pathways of the heart He had no oihcr 
syinpioms of any sort 

Tlie physical examination showed a well built middle aged man 
slightly overaii'cious Nothing abnormal could be found m his neck 
His chest was likewise perfectly nonnal His heart was transversely placed 
and about m normal {losuion There was no evidence of cnlaigtmtnt 
no munnurs or advcnliiiuus sounds wcic heard Ihc blood [ircssurc was 
nomnl The peripheral vessels were soft and pliable The electro- 
cardiogram showed no abaoimahty winisoever 

It v\as concluded that ihc carotid sinus siinnilation should be invoked 
This was done and the sinoiunaihr siindsull was demonstrated The 
attack cold J lie rcjiroduccd at will the electrocardiograms ( Fig 9) | resent 
the evidence of Uic excessive vigmonia and simultaneous clccirucardio- 
gnpliic tracings were made The conclusion was that Utc patient had an 
unusually irritable carotid sinus and when pressure was brought to bear 
u|>on It by the final rites of dc|)arturc it prcapiiatcd the pcruxl of asvsiole 
and the accompanying cerebral anemia TJ c paiicnis voutig wife faith 
{uUf re!ratncd Iran compressmg hts carotid stnmes ami atinmtnKral 
rcgiihr doses of airojiinc Vi ,> gram t i d Site ilms succeeded in prevent 
ing the disturbing reaction and they lived happih ever after 

Slowing of the heart rate nny result front circulatory clniigcs nt the 
rcf^ion of the node a not uncommon event m patients with aricrioscle 
louc heart disease usually after the blood pressure has fallen Apparently 
the pulse is not slow when hypertension is persistent as it is in liie 
transient type 

CvsE \ C twUd Sinus Episodes Giddiness I ertigo Fanitness and 
Falling out ilticks as a Result of Reflex Inhibilton of tie Heart 
P \\ II a jxiiy j,ang»itr of 1 rcasure Island aged 66 became alanned 
at recurrent attacks of dixzincss and fainiin^ He had followed somewhat 
in the footsteps of Jean Larmc and actually had a rendezvous down die 
island near the pirate s old live oak gn>vc on Galveston Bay T he ^ B 1 
or the C men had apparently given him the jitters He had had a grcal 
increase m the number of attacks not only of giddiness but also of uncon 
sciousness and bad fallen out quite often He first noticed tlicse attacks 
of vertigo and svncrqic on backing liis car out of the gaiagc uniisinlh 
rapidlv Sviiiptoms of giddiness also rtairred when lie siuldeiilv turned 
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hi) liead to tlic side, uliidi i»c appirciiily had been doing rc[)caicin\ 
jitrhaps as a defense ri-iciion 

Upon hearing tins story dramatican) told and simcying him cnti 
cally and noting his make up it seeiual serj probable that he isas ha\ing 
carotid sinus episodes He t^as a member of the old order and still uon. 
the high, stiff collars that bound his neck closclv and exerted considcrahk 
pressure upon the region of (he carotid sinuses Vs a result of this binding 
uhcii he turned his head to the nglu it unjiiiigcd the h>pcriititablc 
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The pulse waves were delimtely anacrotic The blood pressure was elc 
vated to 160/100 This patient apparently had calcareous disease of the 
aorta aortic stenosis probably coronary arterj disease and some decrease 
in the circulation of tJic heart 

The s)niptoms sucli as he had recently shown arc coininonl) asso- 
ciated with an exaggerated carotid sinus reflex as pointed out by ^Iar^ln 
The administration of Novatropine to gram t i d controlled 
his severe attacks and gave him renewed confidence m himself Theie 
were some aunculoventnciilar conduction disturbances developing later 
in this patient and the possibility of Adams Stokes disease had to be 
considered However he graduall) developed in)ocaidial msufficienc) 
mcapacuaiing him complctel) and final!) bearing him to Ins leward 

The electrocaidiograms (Fig 10) shotn.d the evidences of sinus 
brad)card]a and auriailai standstill follovving niccliantcal stinuihuun of 
the carotid sinus Later auriculovciuncular conduction disturbances 
were recorded AH of tlic disorders were removed by ilic use of the 
airopinc group of drugs 

The etiological factors or causes and the pathology nnj be quite 
varied since there are no specific loci) lesions so fir as is known T!ic 
condition is usual!) as)inptonn(ic but in die iged and especial!) in the 
presence of cerebral inenosclerosis and i low blood prcssuie giddiness 
vertigo ind in the more severe cases s>ucope miy result is comphcitmg 
symptoms 

Diagnosis Slow iieart icuon may be j>roduced by conditiDns other 
thin functional or reflex sympithetic nervous influences Organic lesion 
bradycardns are of much more serious moment tlian sinus bradycardia 
There may be partial or complete auriculovcmncular heart block wiili 
slow idioventricular rhyliim in tlie latter that must be diffeientiaicd 
Characteristically in sinus bradycardia die effects of the vagus and 
accelerator nerves arc still present and may be tested with tlie usual 
response i e a gradual increasing rate after exertion or atropimzation 
In paitial heart block the response usually results in an increased rate 
as a direct multiple of tlie previous rate / e a doubling if 2 i block was 
present and an increase by a quarter m a 13 block In complete block 
there is usually little if any response to exertion except peihaps m 
cases of rheumatic pancardius The rate m partial block is usually slightly 
higher than that found when a complete block is present ^\hen tliere 
IS absolute dissociation the idioventnailar rate of jo 01 below is iisuallv 
present except when this dissooauon has been induced by digitaln 
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imoviciiion, under ^shich ciicumstances the rate ina) be as high as Go 
AsiUi a regular independent idio\e)uricular rh>thuh 

In tlie partial heart block, at ilie time of the {jansc in the rh>ilim at 
the urist, theic is usually complete silence at the ape\. It is essential to 
check this up carefull), for frequently e\ery alternate beat xs an carl) 
premature contraction, tvith tnsuincient pressure to opeti the aortic atsp. 
uhile every other or normal beat is conducted and effective, protlucing 
a slow, regular rhythm. This type of premature contraction, like oUier 
types, usually disappears on exertion and the pulse rate vull be more 
than doubled. It is, theiefore, essential to auscultate the apex carefullv 
in determining whether or not the slow pulse is due to a sinus brady 
cardia, a heart block, or a bigeminy with very eaily and weak cciopics 
Eleciiocartliograms must again be the final court of appeal Sinus bradv 
cardia is the slowed normal mechanism in v\iuch the P R intcrv,)! mav 
be at the maximum normal and the T-P interval gicaiiv increased 
Prognosis: This depends upon the precipiiaiing factor Usually 
sinus bradycardia is totally innocuous It mav. however. occasionnlU be 
present in lie.irt disease and even along with congestive failure. 

Treatment: This likewise must be guided according to the etiological 
factor that is present. Where a denime etiology is demonstralilc. steps 
should be taken to remove ilic disturbance Usualh the slow heart in 
itself causes no symptoms and no inicrfcrcnce is called for Wlicn ilic 
v.igus irritability is so great as to cause syncopal attacks, even after the 
removal of exciting factors such as nicotine or pressure, tincture of bclla 
donna in i cc. (iG minim) doses, atropine sulfate up to i mg 
grain) or hoinairopine bromethyJaic up to 65 mg gram) or jiarc* 
drine hydrobromide 30 to Go mg to 1 grain) arc indicated in dailv 
rationed doses. 

III. SINUS ARRHYTHMIA 
Synonym: Rcspiratoiy, vagus, or plmic arrhytfuma. 

Definition: This most Iienigii iiregufariiy is due to rhydiniically. 
regularly recurring and .'ilicrnatmg j>eriods of gnidiial slowing down and 
speeding up of the impulse formation within the siuo-iuricular ikhIc. 
The vagus nerve governs the rate of impulse form.ittoii. The i.Tgus tone 
may fluctuate with ilie events of the respirat<»iy cycle just as do the 
rhythmiral variations in blood jnessuie. the w.aves incident to the rise 
.and f.dl of the irriiabiliiy of the rcspiraiorv cciiicr In the \otjihful ficart. 
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especialiy njtJi deep jnspjratjon die vagm tone decreases and tl>e Ijeari 
raie quickens %\hile during expiration Uie reverse takes place and the 
heart rate slons There is thus produced a regular irregularity a uaxiiij, 
and waning of the rate of the heart In some instances the respirator) 
effects may be just exactly the opposite m which case this disturbance is 
called paradoxical Occisionally Uiere is no relation to respiration what 
soever and at times a single long dnstolic pause may be recorded w iihom 
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any previous or subsequent quickening This is the type that may occa 
sionally be associated with sinoauncular sundstill 

Case KI Si/ws Art/tyt/iri/a That Ilrts a Source of Worry B J 
aged ten nas brouglit to me bj Ins mother because of an irreguJar Jicari 
action a general imtabihiy and tnabilil) to gam weight The irregular 
heart action was a matter of mucli concern For several )ears the boy 
had frequent attacks of tonstlliUs and bouts of fever diat lastctl from four 
lo five weeks He had been m a geneml rundown condition and appar 
cnily had been gening v^orse and a question as to wheUier or not a 
tonsillcctom) should be done was raised Tlieie was sonic hesitation 
because die paiients older sister had died during a smiihr ojicration 
under general anesthesia at the age of fi\e Tlie patient had apparcnll) 
been sickly all of his life 
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The father had contracted s)phihs during the war but had been 
\jgorousl) treated and was serologically negatne in 1925, three jears 
before the patient s birth In 1934, however, he had had a nervous break 
down of general paresis which responded jirompily lo fever therapy 
During the first ^ear of Ins life the pauent had a great deal of gasiro 
intestinal difficulty and responded to no formula until he was put on 
Swiss goat's milk and was moved from Georgia to Hawaii At the age of 
four he was brought back to Arkansas where the cold damp winters 
brought on much, trouble His last four years had been spent in Louisiana 
He had had repeated colds from die age of six to ten 

The physical examination showed an underdeveloped somewhat 
pale boy with no definite stigmata of congenital svphihs There was 
nevertheless a su^stion of pooi protaplasmic stamina The teeth were 
quite inegular and the tonsils were hypertrophic with some scar tissue 
about them and the glands at die angles of the jaw were enlarged The 
other regional lymph glands showed some hvpertropliv and ihosc in 
the epiirochlear region vvere definitely shotty 

The cliest was small and ihm and shovvcd a definite rosary and 
gioovc as evidence of old rickets The ictxomanubnal dullness was some 
what tncreasec! (o j cm and die cardiac dullness extended 3 cm to the 
right and 8 5 to the left The heart was thus at the upper Imnts of normal 
for size A very definite sinus arrhytlmiia was noted and on careful 
auscultation there was accentuation of the basal sounds and a faint and 
distant highpitdicd diastolic niiirinur V shglu systolic murmur was 
heard over the tricuspid area 

The abdomen was negative Tlie spleen could not be felt and the 
hver came to the costal iiiaigiii 

The clcctrocareiiogrinis (big II) showed a very definite sinus 
arryihmia and aside from a parinl inversion of the T wave in Lead III 
there were no other abnormahties The Lead III changes with the 
a Thcumauc amiic rcgiurgnauoa suggested myocardial 
damage Sinus arrhythmn is in itself innocuous u is usually jircscnt in 
normal youths Mackenzie has maintained that it is evidence of an 
absolutely uninjured Jitan Jt is an unusual finding in a patient with 
rheumatic heait disease but it docs occur and cannot therefore be 
accepted as cvulcnce against iiivohcnicnt of the heart Sinus arrhytlmiia 
IS frequently mistaken as in this case for a serious mechanism disorder 
The irTcgulanty cleared Up with cxertiw, and a shglit nse in the heart 
rate was induced 

All of the types depend uixm rhydiimtal changes in the v igus tone 
The condition therefore, usually is of phvsiological significance in youth 
and m the aged It occurs less tommonlv after adolescence or in adult 
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life, until the increased ^agus rone of Advancing age or early seniUis 
comes into play. Nenous or general irritability greatly ejcaggerates the 
disturbance. Increasing tlie heart rale by slight exercise or die administra- 
tion of amy I nitrite or atropine abolishes i£ and it practically nes er persists 
uhen the heart rate is abo\c loo. Digitalis intoxication may be the 
causati\e factor in othcn\ise normally nontagotonic indmduals. 

In tlie rarer cases of slow arrhythnna which do not become regular 
uith the rate rise after the injection of atropine, thoughts must be 
directed to the possibility of heart blocb, lagus neuritis tumor, menin- 
gitis, or increased intracranial pressure from some grave intracranial dis 
case. It may occasionally be present in an adult who presents other si^is 
of cardiac failure. Sinus arrhythmia, therefore, cannot be uiken as an 
absolute sign of a normal heart in spile of ^^acken2ie’s dictum. Sinus 
arrhythmia rarely produces any symptoms except in die overly nenous 
and sensitive individual who is disturbed and worried by the irregular 
palpitation. 

Diagnosis: The disturbance is one of infancy, childhood, adolescence, 
and senility. The frequency with which the condition is mistaken for 
some serious arrhydimia, such as auricular nbrillatton, makes its recog- 
nition of considerable significance. Cliicf among the diagnostic signs is 
the fact that die irregularity disap|>ears when the heart rate rises to loo 
or above in response to exercise, amyl nitrile, or atropine. Slow deep 
inspirations and expirations, especially when forced, increase the respira- 
tory arrhythmia. This reaction is quite characteristic, since none of the 
odicr irregularities are so characicrisiically affected; although premature 
contractions are often precipitated by sucli maneuvers, they appear quite 
irregularly and show no cyclic tendency. Since auricular fibrillation rarelv 
presents this characteristic phasic waxing and waning, and the irregularity 
IS exaggerated by incrc.'ismg the heart rate, the diffeiemiation should not 
be difficult at all. 

In die most exaggerated form of sinus irn^ulariiy there is occ.isionallv 
complete sinoauricular standsull or smoanricular block, and A-V heart 
block may be suspected This is ruled out with difficulty, since the 
dropping out of die complete A-V cycle and die failure of a ventricular 
response alone have the same peripheral effects. ^Vhen, however, the 
long interval comes at the end of expiration, and there is a gradual slon 
ing up to the point of the dropped beat, followed by a gradual speeding 
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up iftci the dropped beat it is quite probable tint a vagus effect is to 
be considered, especially if the irregularity is abolished by mild exercise 
Here again the electrocardiographic method alone mil absolutely deter 
mine the state o£ affairs os it is the onl> means by vvluch a diagnosis of 
sinoauncular standstill can be made The electrocardiograms are gen 
enlly characterized by a gradtnl lengtlieiimg of the diastolic period t e 
of die T P mteival uj> to the longest one and a gradual decrease to the 
shortest one The P Q R S T waves are always in normal array 

Prognosis This is usually excellent but depends of course upon the 
age of the individual and the other accompanying cardiac findings Jn ilic 
infant child or adolescent sinus arrhythmia is a normal physiological 
phenomenon but in an adult espeaally after middle age it may be of 
some pathological significance 

Treatment This is raiely required for the condition itself Reassui 
ance suffices to allay undue anxiety In die nervous patient bromides 
may be of some value m suppiessing any imaginary distress of tins slight 
disturbance 

IV ECTOPIC REGULAR RHYTHMS 
Abnormally increasing vagus tone may cause ectopic regular rhytnms 
null slight if any, changes in rate by a shifting of the pacemakei appar 
ently from the head to die uil of the sinoauncular node or to lower 
levels m die specialized tissue If the increase m tone is sadden and 
temporary sinoauncular standstill is the result If houevei the inci ease 
IS persistent a lower center must take up the function of the pacemaker 
This disturbance is then simple and its presence is usually of neivous or 
functional origin 

The ectopic rhythm may be nodal or junctional i e with the pace 
maker in the AV node or in the junctional tissues boih of vvluch arc 
supraventricular foci In rare instances the nihibitioti of impulse forma 
tion may also include the A V node and bundle so that an idioventiicular 
rhythm may actually aiise Usually diis ocems however only m ilie 
presence of distinct pathology m the conduction tissues IVhen the pace 
maker is displaced to the lower centeis the cardiac rate is usually defi 
nitely decreased and the lower the level of the new pacemaker m the 
junctional tissues the slower the rate will be The rhythms of low 
)unctional, and especially of ventricular origin arc rcgul ir and are quite 
uninfluenced by the vagus nerve effects 
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V. AURICULOVENTRICULAR RHYTHM 

Synonyms: Noclal, junciional, auriculo\cmricular or A-V rh)tlim. 

Definition: An A-V rh)thiii, u'iUi geiicraJIy a moderately sloiv rate, 
is one in which a focus in any part of tltc A-V node or the A-V bundle 
(His-Tawara) acts as pacemaker of the heart. This occurs usually because 
of depression, of functional, nervous or pathological organic origin, of 
the higher, normally more rhythmical, sinoauricular node or pacemaker. 
The condition is recogni7ed usually and differentiated absolutely only 
in the electrocardiogram. 

Tile impulse discharged from die ectopic pacemaker in A-V rhythm 
necessarily takes an abnormal or retrograde couisc to and tinough the 
auricle and at the same time spcc'ds on to the ventricle. Thus the auricle 
may just precede the \entriclc or both chambejs may contract nearly 
simultaneously, or the s entricle may actually contract ahead of liie auricle. 

Tlie type of A-V or nodal rhythm depends chiefly upon the location 
of tlie pacemaker. The vaiicties clcctrocardiographically recorded are: 
Type I, where the P-R imers'al is greatly shortened; Type II, where there 
is no P-R inters’al and Type III, where there is actually an R-P interval; 
Type IV, where tliere is a gradual shifting from Type I to Type III. In 
the first type, the pacemaker is presumably located in the cxticmc upper 
part of the A-V node. Thus, the auricles are retrogradely activated ahead 
of tlie ventricles, but, since the impulse starts from a point between the 
sinoauricular node and the ventricle, it arrives at the latter after a shorter 
than nonnal P-R interval. In the third type, the pacemaker is nearer the 
ventricle, which is consequently first to be excited, while in die second 
type the locus is intermediate. Tlie explanation of Type IV cannot be 
given in a few words, but is proUibly rarely due to actual migration of 
the pacemaker from a higher to a lower jiosilfoii, as was once believed. 
The types of nodal or A-V rliydmi are of no special clinical significance, 
inasmuch as they cannot be lecogni/ed excepting by electrocardiographic 
means. 

The condition is relatively uncommon. It was frequently reproduced 
in perfectly normal young individuab by F. N. ^ViIson through a com- 
bination of atropiniration and carotid sinus pressure, h appears after 
acute fevers and frequently in digitalization, sometimes in the presence 
of localized circulatory changes or myocardial disease, especially in die 
auricle in and about the sinoauricular node. The rhydimicity of the 
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j»e\v low Cl ceiucr is Ics-s Uinii that of the sinoauricular node The con- 
ditions prciiousl) nicmionctl as factors in the production of increased 
\agus tone niaj precipitate notlal rhythm b) depressing the nomial pace- 
maker. .Vdrcnalin. aconitine, or jiilocarpine arc drugs that otcisiomlK 
tause it. Excessive doses of nicotine ami ether, especially uuli an .uics 
iJieiic anoxemia, prcdisjjose to it. -Votkil rhuJnn of Type IV lias hecii 
iccordcd following cardiac infarction Besides simple depression of the 
Sinoauricular node, \ V rhythm mav soiiietimes lesiilt fium an abiiorm.il 



increase in rhyihmicity of the amiciilovcntritular node, which then 
usurps the paccinakiiig function The rale will then be iiigh 

Casc XII AuTiculavfiUrtcular nh\thm ralloxvwg Fainlns Coxuiian 

TArombosis arid .Uyocarrfjof /ii/arcfion.- T. R-. aged 67, a white laborer, 
had an acute onset of scvcic shortness of breath and palpuanon acroni- 
panted by vvhecting, an opiratory stridor, considerable cough. txjKciora 
lion of blooil tinged frodu spniiim. nausea and voiimmg. fever, cxticme 
weakness, and dmincss. Brcaihing was extremely diffiailt at times 

The phvsical c'cainmanon vhowcsf a picihonc obese old man who 
was pale and gray and somewhat cinphvscmaluus. IJis vital cajiacuv was 
retluced lo about oO jx:r ccni of nonnal, some dullness was picss.nt at 
the lung bases and some line »ul>crrpha«t rales were hcanl ihioughoui 
both lungs. The bicadmig wav of a disiincllv asilunatic i>|>c and iluic 
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possible explanation of these disturbuires can easily be \isuali2ed as a 
circus mechanism such as has been accepted as die iniujiing and main* 
mining mechanism in auricular iluttcr and fibriJIation. 

In general in only half the cases is the abnormal focus in the auricle 
susceptible to die influences of the tagiis iienes, and eithei a complete 
effect may be elicited or none uhaieter from stimulation of these caidiat 
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nei^es. When effccusc, as it is 111 half of the cases, carotid sinus siiimila 
non completely suppresses die abnormal mechanism ividiiii one cardiac 
cycle. According to recent nork, there is apparently a definite relation- 
ship betueen disturbances of the calcium-potassium ratio in the heart 
muscle, tshich is reflected to some extent in die blood serum, in jxiticim 
nidi serious hetcrogcnciic rhythm disturbances. Afagnesium, cilcitirn 
and pomssium iotis are apiiarenily in a balanced solution in the heart 




DISTURBANCES OF THE HEARTBEAT 


759 


muscle cells These considerations are of some practicil significince in 
that the disturbances may be promptly and spectacularl> affected in \ary- 
ing the concentrations of these ions by the therapeutic administiation of 
rehtnely massive amounts of them intravenously or by mouth 

Cvsc XIII Extiasystoie Cnustng Irregular Heart Action, Relieved by 
Thyroid Extract and A / AW H, a liouscuife of was consider 
abl) disturbed by irregular heart action, a nmtcnng sensation m the chest 
general weakness and a slight breathlessness She ilaied her trouble from 
the tunc she came to the Far South from the North where she had alwa)s 
felt well However, she had had an attack of diphtheria m childhood 
and frequent lonsilliiis up into adolescence at which time she also had 
some ardintis and her tonsils vserc rcinotcd She had mnuenza in a mild 
form in 1919, with some pleurisy as a complication of the infcciion She 
had had two children widiout aii) difficult) m (he North followed by 
one questionable miscarriage, and a final prcginnry in 1928 when she 
was deUvered by a Caesarian scaion 

She had noticed some slowing up of her iiiciit-tl proasses and an 
increase in susceptibility to cold, along with Uistcmiun and recurrent 
arthritis of the spine and the small joints of the hand 

The physical c'taminatton showed a moderately obese woman with 
a very slight tlunntng of her c)cbrovvs and some pufTmess of her fact. 
Her heart was not increased in size There was a s>siobc murmur hcaid 
at the apex and at the base Premature coiiiractions were frequent and 
occasionally noticed as coming in short runs Electrocardiograms (Fig 13) 
showed them to be of auricular and ventricular origin The abdomen 
was someivhat distended and iJic gastric lympaii) extended up imo ihc 
prccordial area The blood pressure was normal 120/75 There v^as a 
slight tenderness in the gallbladder region No other abnoninbiv v%as 
noted 

Evidences of gallstones were found on x ra> siudj and a cliolc 
cystectomy svas done The sharp pains m ilie abdomen no longer recurred 
but the distention wis noi very inudi relieved and the irregular heart 
action persisted There were sonic slight menstrual ihsiurbances, and 
ihcelin was given Tins improved the menses to some extent and the 
distention somewhat, but had no effect upon the disordered heart acuon 
Phenobarbital gave some relief, however, but slic was sensitive to bar 
biiuratcs and quinuhnc sulfate These drugs could, therefore not be 
given over any length of time Potassium iodide likewise caused salivation 
Her B M R was dcfinitclj rtducetl puffincss was noted to have 
appeared about licr face She was put on jxxassinm iodide in ISgraiii 
doses t 1 d and thyroid extract and lapidly, the dosage increased to three 
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grams a da) Slie was completely rcJicscd of all Jicr sjmptoms tJiere tras 
no increase in tlie heart rate, in fact a dcfmiiclv slower regular pulse 
followed the ih>roid medication 

VII EXTRASYSTOLIC ARRHYTHMIA, EXTRASYSTOLES 
ECTOPICS. PREMATURE CONTRACTIONS OR 
SYSTOLES INTERMITTENCY 
OF THE PULSE 

Definition Extras)siolic or cctopic irrhjtliiuia is the commonest 
irregularity o£ the heartbeat It results from the occuirence of premature 
contractions that arise or are initiated prccipintel) fiom foci in tlie heart 
muscle outside the sinoauncutar node 

This the commonest disorder of the heart action is usually an irregu 
lar interruption of the normal regular rhythm It may be the result of 
nervous, mechanical or clienncT,l stimuli worr) or atmospheric condi 
Worn especially increased tem]>erature and humidity digestive distuih 
anccs with distention and mtoMcations, or toxemias of nifccitons Drugs 
as digitalis cafTeine lucotnie, barium chloride calcium aconiunc, chloro 
form ouabain arsphcnamiiie ephediine, and cpsneplninc may be inuiat 
ing facton m susceptible individuals 

The local defects resulting from ncivous orculaiory, or mechanical 
changes or influences usually produce no pathognomonic, anatomical 
changes that are demonstrable i« even the most careful microscopic c-vani 
ination There must be of course physical and chemical changes in the 
affected heait muscle cells Consequently, physicodicnucal learxangc 
meats in localized groups of heart muscle cells seem to be Uie best ctiologi 
cal, anatomical and physiological explanation of die phenomena These 
may definitely be related to die potassium-calcium magnesium content of 
the heart muscle cells 

The type of extrasystolc depends u|Km the ]x?iiit of origin The dis 
turbances may originate either vvidun or outside of the specialized tissue 
1 e , in auricular junctional or ventricular tissues or heart muscle cells 
Tliese supersede the normal impulses and arc gencially followed by jhisI 
extrasysioUc pauses The pauses arc usually compensatory Occasionally 
when die premature contraction occurs in early diastole inlcrpolauon 
lesuUs t e , a premature ventricular beat is seen between two normal 
sequential responses to sinoauricuJar impulses. In this latter disiiirbantt 
both die interpolated beat and die normal systole v\luch closely follows 
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It are tseak TJic condition is not distinguishable from paired premature 
beats, except in tlie electrocardiogiaphic tracing 

Premature contractions that disturb tlie basic regular rhytlmi niay 
originate in a single focus oi in multiple foci may occur at quite irregular 
or regular intervals, as every other beat producing bigemmy, every third 
beat, tugemin), every fourth beat quadiigemmy, etc In auricular flutter 
and fibrillation, according to tlie traditional vieu all the impulses are 
of auiicular ectopic oiigin These disturbances may however, also be 
fuither complicated by accompanying ventricular premature contractions 

In auiiculai ectopics only the auricular muscle is invaded by tlie 
impulse in abnormal sequence transmission tlirough AV node to the 
ventricles is along the normal pathway Such ectopics are not followed 
b) pauses sufficient to make the sum of the durations of tjie pre and 
poste\trasystolic cycles equal to the lengili of two normal cycles as is 
the case in ventricular ectopics The auricular ectopic impulse touches 
off the sinoauncular node early, and the lecoveiy of tlie latter immedi 
itely begins is completed in the normal time, and the postectopic pause 
is accordingly short 

111 case of most junctional and pracucally all ventricular premature 
contractions, the impulse, traveling slowly backward does not reach the 
auricle or sinoauridar node because it meets die oncoming sinoauncular 
impulse Thus both the latter impulse and the retrograde ectopic 
impulse are mutually extinguished The compensatory pause of the 
ventricle is simply die time it must wait until arrival of die next sino 
auricular impulse 

The mechanical efficiency of die premature contraction is m inverse 
proportion to its prematurity Tlie most premature beats of course, 
come at a tune when the ventricles are incompletely filled the resulting 
contraction is feeble and the pressure generated ma) be insufficient to 
open the aortic cusp and consequently, die pulse w'ave is not propagated 
in the systemic or the peripheral circulation Thus the cardiac energy 
is dissipated or wasted as no onward movement of die blood is effected 
The peripheral blood pressure of the premature contraction is usually 
low, but diat of die impulse following the pause is distinctly increased 
Wlien occurring late in diastole the concomitant blood piessure rise is 
usually sufficient to open the aortic valve and allow die wave to spread 
into the periphery But at best, premature contractions are weaker and 



762 CARDIOVvlSCUL.\R DISEASE 

less efiicient tlian normal beats and the more premature, the less elFicieiu 
they are. 

Symptoms; Many normal individuals arc not conscious of ilie pres- 
ence of an extrasystolic arrhythmia unless they palpate their own pulses. 
The physician must discourage sucli practice and be careful not to call 
a patient’s attention to tlie presence of the irregularity if he is unaware 
of it, lest he become sensitne to the disordei. If he is cognizant of the 
disturbance the physician must minimize its significance and reassure 
the patienL Nertous, high-strung, hypersensitive individuals, however, 
have many subjective symptoms and they are conscious of eveiy dis- 
turbance, tlie pause and the powerful beat following the premature con- 
traction. They may experience traiisieiu giddiness, xertigo, ueaLness 
and momentary distress, with a disagreeable ill defined precordial or sub- 
sternal sensation. The hypochondriac may have the symptoms in a much 
exaggerated form. To him it appears tliat die heart turns over, jerks, and 
twists, and often seemingly sends die wave through forcibly to die lop 
of the head. Tlie irregular palpitation is most noticeable wlien die paticiu 
lies down to rest at niglu. Posture plays some pait in diis and it is espe 
cially a factor if the patient is lying on lus left side or has his eai on a 
pzliou'. Houeter, the slowing of the bean incident to rest seems to he 
the most important initiating factor. Long, deep, sighing respirations 
with holding of the breath often increase the irregularity. ^Vhen a 
bigeminy is present, a distinct coupling may be felt. 

A nervous patient with ectopics, unless most carefully and properly 
managed, is likely to become a confirmed cardiac neurosis case v\ii!i 
dyspnea and anginoid pains. The disturbance may be persistent but 
transient or recurrent, isolated, luuUiple, rare or frequent, irregular or 
regular, in its rhythm. Tlierc are rarely any complications except, ocra 
sionally, when the disturbance is superimposed ujion an alrc.idy badly 
damaged heart, the insufficiency of which may distinctly increase as the 
result of the disturbed blood volume flow. 

Diagnosis: The diagnosis of extrasysioles is rarely difficult. The 
bedside test, namely, that of disappearance with the increased heart rate 
resulting from exercise or the inhalation of amyl nitrite, will make the 
diagnosis of the extrasystolic irregularity quite certain. It disap}>e.irs as 
the rate rises to the neighborhood of J20 and over, and certainly after it 
reaches 140 The rule that may be relied upon is that any irregularity 
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iliat persists it the rate of 140 or o\er is auricular Hbrillation and ol iliosc 
disiurbinces that disappear ufien the nte rciches too to uo, ifie nnjor 
U) are eMrisysiolic arrhyihmns 

Ectopics which ire e\ceedingly pietuaiurc do not open ihc aouic 
cusps consequently ire not fell at die wrist ind thus simulate the inter 
niiitenc) of heart block and die pulsus deficit of auricular fibrillation 
Under these circumsiiuces the second heart sound miy be absent bui 
auscultation oicr the heart will usually reteal the ineincient premature 
ventricular musculai element 1 e, die first sound of the exirasystole 
which IS always piodiued even though at times it is faint The regular 
peiiodiciiy of lespiraioiy sinus arrhythmia is never present file absolute 
regularity in the spacing of die fiisr sounds in aJiernation serves to «hs 
tmgmsh It from the coupling of ordinarv cctopic bigcnnny 

The clinical differentiation or the |>oim of ougin of the premature 
(untractions is of academic ratiicr than chinca) imeust and iv at timev 
indeed a bit difficult 

was stated above an aunculai prciiniuic tomiuiion is usuallv 
followed by an abbreviated postcctopic |xiusc stirh that the two periods 
nr cycles including die premature contraction do not equal two nouna) 
periods of regular rhythm Veiuntular picmnurc coniraciums arc usu 
followed by forigei tndy compeitsatofy patiscc TbepresetKc of iti 
interpolated ectopic is suggested by the occurrence of ihicc beats in rapid 
succession wiUiin the space of little more than two normal ones with 
heart sounds midway between ip|Mreiitly normally spaced beats 

Groups of diree beats may be produced by the promjil occuriciice 
of a second premature contraction after the first i e a doubling boih 
beats coming cither from the same focus or one from one side the other 
ftom the ojiposite side of the heart These simulate iiUerpohiion bm 
dicy are often followed by a long |>oslcciopic pause Flecirocardiograms 
recording the disturbance in each of die standard leads afford the onlv 
evidence as to the site of origin of die premature contractions 

Prognosis Asaiule die prognosis is good Prematme contractions 
are compatible with oUieiwisc nonnal heart fimciion Thev aic fre 
queiuly present in |>auenis who show no reliable signs of heart disease 
Some paiicnis are known to have bad premature contractions for as long 
as 50 years and have fivcd the full span of life vviih ipjurcntly little 
inconvenience Persistence of die disturbance in an cxaggcrucfl form 
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occurs usually only in patients uitji other e\idences oE heart disease and 
die prognosis then depends upon the heart disease itself. The prognosis 
does not seem to differ, u’heiher tlie ectopic beats be of auricular, June 
tional or \entricular origin, although the latter seems to disturb the 
mechanism the most. .A multiplicity o£ the points of oiigin may tvcll be 
of more serious moment m suggesting a more widespiead circulator) 
disturbance The rate at which the extras)stoles originate seems to be 
of Hide significance, nor does the frequency of appearance of the dis- 
turbance seem to have any particularly definite bearing on the ultimate 
prognosis. Auricular extras)sioles, hoivetcr, seem at times to be fore 
runners of fibrillation and paroxysmal tachjeardia. 

Treatment: Remosal of any possible causatite factors should be the 
first consideration. Habitual cxccssne nicotine and calTeine intake should 
first be curtailed. If drugs are used, as digitalis, acouiune, barium chlo 
ride, adrenaline or epliedrine, they should be iemj>orarjly suspended at 
the appearance of an extrasystolic arrhyUimia. G.^siric distention causing 
mechanical embarrassment should be corrected. A sojourn in the moun 
tains is desirable for diose that are further embarrassed and oppiessed 
by die hot, humid season m low altitudes. The temperature and humid 
ity may be reduced by modern air conditioning apparatus and lising in 
die tropics made possible for most patients 

Neixous individuals must be constanUy reassured and instructed to 
avoid excitement and to take sedatives such as biomides or barbitals. 
An excessively acid urine calls for changing the reaction by the use of 
alkalis and tins is someiinies followed by gratifying lelief of the irregular 
palpitation. 

It is hoped diat applic.ation of the classical studies of the older 
physiologists on the effects of ions of potassium and calcium, .dong vvitli 
those of sodium, upon Uie maininaltan as v»ell as the frog heart, will 
yield promising results. Beginning with the work of Ringer, it was 
slioun tJiat, independent of osmotic pressure, a balanced solution of 
potassium, calcium and sodium ions was necessary to maintain normal 
he.-irt action As early .is igt i, Rothberger and ^Vmterberg were .ihic to 
stop extrasysiolic arrhythmias vviUt potassium salts. Potassium deficiency 
is possibly a causative agent in extrasysiolic arrhythmia of nervous, 
mechanical, or circulatory origin, but probably not when the inegulanty 
IS of toxic origin. In the latter, calcium salts are more effective, as they 
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are also ni parox)sms o£ persistent ectopic impulse formauon Recently 
these facts ha\e been applied clinically by Sampson and Anderson ivho 
found tliat potassium acetate administered by mouth in from i to 5 Gin 
(15 to 75 grain) doses stopped the extrasystoUc arrhythima in half of 
tlieir cases rvhile AVolfe and Belleit hase stopped paroxysmal tachycardia 
by intra\enous calcium administration 

In some patients the use of ihyToid extract or atiopine accomplishes 
the end in others quinidine is sedame while m some the use of digitalis 
is efficacious 

VIII PAROXYSMAL TACHYCARDIA 
Defimtion Paroxysmal tachycardia consists of rapid regular rhythm 
of precipitate onset and equally sudden offset onginaimg m nn abnor 
mal or ectopic focus in the auncles junctional tissues or the ventricles 
Paroxysmal tachycardias may Uuis be regarded as due merely to a rapid 
succession of exirasystoles As such they depend on tiie same mitiiting 
factors The theoretical reasons for the maintenance of tins focus os the 
pacemaker haie been touched upon in the preceding discussion con 
cerning the genesis of extrasjsiohc arrhythmias Tlie idea tint herein 
there is another possibility of a circus mechanism has been suggested in 
some dieoretical discussions The mechanism begins sharply and slops 
abruptly often with an auricular and sometimes with a ventricular beat 
The rate rises from its normal level of about 80 to from 180 to 240 beats 
per minute and drops vviilim one beat from the high rate to the previous 
normal rate of 80 or whatever it may have been 

The types of paroxysmal tachycardia and tlie clinical manifestations 
and significance depend upon the focus of die niedianism disturbance 
The lentricular type is by no means common and die jnnctmm) or 
nodal type is quite rare while the auricular paroxysmal tachycardia is 
fairly frequent The point of origin determines m some way the type 
of the attack or at least some of its cJiaractenstics Commonest is die 
simple auricular paroxysmal tachycardia This is the type that occurs 
off and on and lasts for short periods of nmuitcs at first and gradually 
increases either in frequency or duration There are some chronic 
sufferers who have had the disturbance for 20 to jo years The fev\f raie 
junclional paroxysmal lachycaidias that have come under the authors 
care have lasted for long periods of time weeks and up to 18 months 
In one such instance the disturbance was observed to last for 11/ years 
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and tlien ^ve lost track o£ the patieiiL The most serious form is xieu/rjcii* 
lar paroxysmal tachycardia which usually lasts for hours or parts of a day 
and occasionally for several days. It is usually accompanied by very pro- 
nounced symptoms of serious heart disease, especially coronary sclerosis, 
ilirombosis, and cardiac infarction 

Paroxysmal tachycardia may, in rare instances, present a syndiome 
similar to that of cardiac infarction. There may be pain and collapse. 
Fever and leukocytosis, however, conclusive evidence of infarction, are 
rarely piesent. If the latter symptoms arc present in paroxysmal tachy- 
cardia, it is not usually possible to make a diagnosis, but the electro- 
cardiog^aplijc study may be very helpful, for it will determine Uie point 
of origin of the disturbance and give evidence of the conduction defects 
or changes that accompany cardiac infarction. In about two thiids of the 
cases of paroxysmal ventricular tacUyeardi.*! other evidences of cardio 
vascular disease are present. 

Symptoms and Complications: Theie are no picmoniiory symptoms 
for any of the varieties of paroxysnml tachycirdia. Usually the onset is 
very abrupt and without any recognirable inuianng factor. Occasionally, 
at tlic inception of the disturbance, Uieie is a sensation of .a momentary 
cardiac pain. Tlie patient may nor be conscious of the rapid rate as 
palpitation if tlie disturbance is regular, but again the overactivity may 
be quite disturbing and may be die paiieni’s chief complaint. Occa 
sionally giddiness, faintness, vertigo, v^cakness, e.\li.iustion, dull pain, 
smotheiing and epigastric fullness, nausea, and vomiting may be present. 
In some instances, and especially in the ventricular type of paroxysmal 
tachycardia, ifiere may be pulmonary edema, frothy blood tinged exud.i- 
tions and expectoration of large amounts of pink-stained sputum. 

Patients during an attack m.vy exJubit much anxiety, pallor, then 
grayness and cyanosis, coldness and clamminess. The neck vessels and 
the precordium throb rapidly and more or less violently. There is a 
lapid tictac embryocardia, but usually no murmurs or adventitious 
sounds are heard The pulse is small, rapid and regular. The heartbeat 
remains regular and rapid between i8o and 220 per minute usu.illy: 
occasionally it drops as low as 140 and rises as high as 240 at the extremes 
In tlie auricular type, the rhythm is absolutely regular, as it is in the 
junctional or nodal type, but in the ventricular type of paroxysmal tachy 
cardia, as pointed out by Levine, there is a slight irregularity revealed 
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by die fSct tint there are a few beats difference between miniiie to minute 
counts 

Diagnosis Paroxysmal tachycaidia along wiili fe\er and leukocytosis 
in the presence of pun, necessitates a careful examinauon for the other 
signs of a cardiac infarct Paroxysmal tacliycardia may often arise during 
the progress of an operation or shoitly aftensard and is incorrectly diag 
nosed as acute cardiac dilatation The true state of affairs should be 
recognized for the good results of the operatise procedures may be 
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greatly jeopardized by the greatly decreased cardiac output nnmitt. 
\olume and total blood flow Gangrene of a part may result from such 
a couiphcation 

The diagnosis must often be made from the history only, especnlly 
in the auricular type winch at tiroes lasts for only a few minutes and 
stops before a physician is reached and the opportunity of examination 
is afforded Here Uie suddenness of onset and offset, the regularity of 
die pulse and the equality of minute counts, together with a general lack 
of systemic disturbances due to tlic high heart rate suggests paroxysmal 
tachycardia of auricular origin An unusual physical or emotional strain 
as the possible precipitating factor is substantiating evidence 

Case XIV' Digitalis Btgemmy FoUowmg Diuresis M B a negro 
longshoreman aged 38 was brought to the hospital in cxlret/iu \ery 
sliort of breath unable to he down and ivalerloggctl He had been able to 
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work up to about a wetV. before admission There had houocr been 
some attacks of paroxysmal nocturnal dyspnea (or some ^^eeks pteviously 
and a spelling of the ankles at the end of the day and some upper ab 
donnna] disticss and fullness Iiad been noted during the preceding vicek 
The physical examination revealed in addition to evidences of 
advanced congestive failure viith engorgement of the neck veins and a 
cubital venous prcssuie of 30 cm of blood the signs of syphilitic aortic 
disease a iJirobbing of the caioud and subclavian arteries expansile 
pulsation of the aorta m the suprasternal notch an aortic systolic and a 
long high pitched diastolic inuianur that was transmuted undianged to 
the apc'C and the axilla The heart rate was rapid Uie rliyihm was icgular 
The heart was greatly ciilaigcd the blootl pressure was 190/60 in ihc 
left and l/O/oO in the right brachial artery 

The lungs bases viicrc dull there vsas flatness on tlic right extending 
up to the angle of the scapula Coarse rales ucre present throughout the 
lower lobes The abdomen was enlarged the enlarged and tender liver 
border was felt four cctuimctcrs below the costal maigin A fluid wave 
and shifting dullness of asaics was demonstrable Edema of the lower 
cxtrcintUcs extended up to the ocsis of the iliac 

Digitaliration by the rapid method was earned out at the rate of 
0 3 Cm (\y» grams) ilnce tablets of pvwdciul leaf standaiducd digitalis 
evtrv four hours for six doses \fttr this jy grains «ere adnntustcred 
every six hours No ciTcct on the edema v^as m evidence and so a half 
dose of mercupurm 1 cc was given iniravcnously V prompt diuresis 
resulted and apparciuly the conscepieni concentration of Uie digitalis 
glucoside had some toxic elfcci the pauent became nauseated vomited 
and the bigcmim shown m Figure 11 appeared Atropine Ymo gram 
was given subcutaneously and the bigcininy cleared up 

Cast \V Paroxysmal -iurfcular Tachycardia mth Syncopal Ittacls 
Controlled by Psychotf erajiy and Potauium JQdtJt; G E O R aged j6 
had some attacks of rapid heart aaion |)oiinding and occasional fainting 
spelts He had had a short mild attack in his youth as early as Ins 20ch 
year These could usually be controlled by stretdiing out on die ground 
for a moment and taking a deep bieaih and holding it \t about the 
age- of -10 while he was under considerable nenous strain during the 
war he had recurrent attacks more fref|ue«t than usual and lasting longer 
or as long as 12 hours on two occasions These decreased sharply after 
the armistice and were rather infrequent for six or seven and possibly 
ten years after that kfter tins time ins responsibilities increased and 
the number of attacks inrixrascd panicularly during the heav-y summer 
business season 

\bout a month bcfoic admission when under considerable stress he 
had a very severe attack He apparently fainted was given an opiate 
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injection, and did not recover consciomness for 12 hours. The narcotic, 
I believe, accounted for the delated recover)’ He had apparently become 
quite C)anouc during die attack and Uus ina> have been exaggerated by 
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the night light His physician had beaimc alanncd and, unfortunately, 
had betrayed himself to his patient 

The physiaan for the first tunc kept him in bed because he noicd 
a continued rapid sinus tachycardia of lOO per minute. Ammophylhn v\as 
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adminisiered and digitalizauon was accomplislied. Um, in spite of this 
therapy, the patient esen with rest in bed got no better fasL 

After a inontiis sojourn in bed the patient was brought to tJic 
J S. hospital. He was dcnniicly quite an\iou$ about his condition and his 
pulse tsas constantly rapid, 100 and 120 with frc(|uciu auriadar prema- 
ture contractions. His physician had tried to get him out of bed, but at 
the time he did so the attack, was precipitated and the racing heart action 
was sufScient to cause tlie patient to fainL He liad as many as 10 or 
12 paroxysms a day. In a paroxysm his heart rate siould rise to 160 per 
minute. His blood pressure, whicli aseragctl 1S6/77 in both bradnal 
arteries at rest in bed sshtlc the cardiac mcdianism was regular, would 
drop to 80/60 during a paroxysm. The heart was not definitely cnlargctL 
Systolic murmurs s\crc heard at the ajiex and in the aortic area. The 
aortic second sound was slightly accentuated. The Iieort rhythm was 
usually r^ular, but occasionally was intemipied by premature conirac 
lions. During die paroxysm it was always regular at a rate of 210 jicr 
minute and the sounds were of a tictac diaractcr. There were no definitely 
pathognomonic signs of heart disease. 

The elcciroczrdiograms confirmed the findings and showed that the 
auricular tachycardia could be stopped by carotid and sinus pressure, as 
shown in Figure 15 There was low soltage but no reliable esidcnccs of 
myocardial damage in the clcctrocardtogram. 

In riesv of die finding of penistent tachycardia, I was not absolutely 
certain that dierc was no myocardial disease. I felt, however, that there 
was a large psydiogcnic factor, particularly because 1 Jiad noted that the 
patient w*3s coundng his own pulse. He had been digitalized, and 
aminophyllin in adequate amount had been given widiout any relief. 
Therefore, I conduded that his trouble was primarily psydiogcnic. 

I advised him to get up each morning and remain up. He did this 
upon my order and fell out regularly each morning and had to be 
gathered up and put into a chair. After several mornings of similar 
experience, I questioned in my own mind my diagnosis, but I did not 
intimate this to the patient to whom I displayed only confidence in my 
dedsion. Finally, after the fifth day. the fainting spdls did not recur on 
arising and the victory was accoroplishccL Tlic patient had his confidciicc 
in himself reestablished, his fear of atucks was di$]>elled. 

He vvas reassured and given potassium iodide in saturated solution, 
in the regular dosage of 13 drops three limes a day. He.has gotten along 
quite satisfactorily, carrying on his routine heavy duty and having iiollimg 
more ilian an occasional raild attack, usually during the time that he is 
under the most severe nervous strain. Under die most severe stress, pheno- 
barbital is taken to ward off attacks. Tlie attacks, as a rule, were easily 
controlled by siretcliing out horizontally for a few minutes or by pressure 
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lacli)Cardia the outlook is less promtsmg The lew cases that ha\e been 
seen tvere persistent for many monUis Under such stress ilie heart is 
bound to weaken Paroxysmal \entricular tadiycardia is ilic most serious 
of the group, especial]) because of its frequent association widi serious 
coronary damage The associated heart conditions therefore, determine 
in a large measure the prognosis of tlie mediamsm change 
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CvSE XVI Paroxysmal Ventricular Tachycardia Prcctlulaled by 
Ephednn and Stopped by Quimdtne ni a Patient with Coronary Throm 
hosxs and Cardiac Infarction S F a 70 year old comracior ^^ho had 
suffered from diabetes for a good many years liad a sudden attack ol 
%ommng and pain high in die epigastric notch The pain spread up 
subsicmally and oier the prccordium until it reached the neck shoulder, 
and left arm Tlus excruaauug pam lasted from 2 to 5 a m and setmed 
to come in wa%es of increasing intensity He uas partially rcliticd by a 
quarter gram of morphine sulfate and atropine given subcutanc 
ously After about half an hour die dose was repeated He vvas ihouglu 
to be moribund 

On examination he was stuporous only senuconscious pallid wiih 
some cyanosis of the skin cold, and clammy His rtspiraiions v»ere deep 
and labored and accompanied by groans His body itmpcraiurc was 
subnormal He was m extreme shock of a secondary tyj>c 
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His pulse was found lo be small tliread) rapid (100 per minuic) 
It was noted to be irregular at times but regular most of the time His 
blood pressure was 80/60 The clicst was cmphysuuaious some dullness 
was elicited at the bases some coarse rales but predominately subacpi 
tatous pulmonaiy edema 

Tlie aorta was just palpable in the suprasternal notch The retro- 
njanubrial dullness was somewhat increased The cajtlnc dullness like- 
wise was slightly greater than normal Tlie aj>c\ impulse could not he 
definuely felt On auscultations the heart sounds t cic very faint with 
the exception of the aortic and jmlmoinry second sounds The typical 
and basal systolic miinuur could be hcaid The abdomen was greatly 
distended- The livei and the spleen could not be felt There wcic no 
ascites and no edema of the exircmines The clecirocirdiognms showed 
definite ST elevation in Leads 1 and II and developing negativity of 
Tj and T-i 

Theie was no fever at first but the next day tlie tcmperatuie rose to 
100 The pulse increased shghtly to lO-l The blood pressuie lemaiiictl 
about the same SO/60 The extreme abdommal disienttou {>crsistcd 
There was also amiria \ fnciiun rub could be licard over ilie lieart 
On the second day 

Hot packs were put to the kidney te-gion and in time urinary flow 
began Turpentine stupes and a rectal tube did verv hulc good but 
thcehn 10 000 units m oil intramuscularly seemed to stimulate tlie 
parasympaihttics and iclicvc Uic ileus The leukocyte count losc to 
12 500 the sedimentation ntc was increased to 30 mm in an hour 

His family physician became icstitss liccnust of Ins low pressure and 
anuria and decided to give Uiiu ephcdrui HCl ^ grain every ifute hours 
After the second dose it was noticed tint Jus pulse became weaker more 
thready and irrtguhr The rate had almost doubled Tlie blood jircssiirc 
Ind actually dropjied to 70/50 The clcctrocanliograms taken at tins time 
sliowed very defiimc pnroxysnial vciiincular tachycardia The order for 
ephednn was canceled and explanations were made to die family 
physician 

The patient was tried out on a otic gram dose of qumidine sulfate 
It was found that he was not sensitive to the tlrug and he took iloscs of 
five grams every hour initil Jus inccJwiusin disturbance was under control 
Alter the third hour of this dose Uic pulse slowed very definitely to about 
100 per minute The electrocardiograms showed that die niediamsm 
disorder was iiuemipted The blood piessure rose slightly as the pulse 
dropped to about 100 per minute 

Treatment The trtainiciu of piioxysnial tacJiycardia depends iijxm 
the type As stated before in a/x>ut half of the cases of aiiriciiJar tachy 
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cardia, prolonged paroxysms may be stopped by exerting pressure over 
the carotid sinus and compressing it steadily against the cervical trans- 
verse process on eiUier side or by ocular pressure or other reOex vagus 
stimulation. The Valsalva and Mueller respiratory experiments, gagging 
and vomiting and the drinking of solutions in various unusual ways or 
positions, may often bring about a cessation through indirect or reflex 
v'agus action. In the Valsalva experiment, Uie rise in blood pressure stimu- 
lates the receptors of afferent fibers in tlie aorta (Marey's) and carotid 
sinus (Hering's re/le.x), and ihe impulses thus aroused, upon arrival at 
tile medulla, enhance the activity of Uie vagus nerve center and thus 
inhibit the heart. The other procedures may increase vagus action in 
an analogous rellex manner. Ipecac syxup, U. S. P. (fresh and jxitent) , 
orally in 5 to 10 cc. (i to 2 drams), and if ineffective repeated in an 
hour has been recently recommended by Sprague. Nausea and vomiting 
necessarily appear in 15 to 45 minutes after an effective dose. It may be 
necessary to increase Ute dose (o the point of parasympathetic stimulation 
to get peripheral and central vagus action. Morphine sulfate usually 
stops an attack. 

In order to abruptly stop the attacks, various powerful drugs have 
been used intravenously. Acetyl beta mcUiylcholine in 002 to 0.04 Gm. 
(% % grain) subcutaneously is successful in 75 per cent of cases, 

particularly if followed by carotid sinus pressure. Digitalis as digifoUnc 
or digalen in 10 cc. (ei^-dram) doses of five cat units intravenously will 
stop most severe paroxysms and is especially indicated if there are signs 
of myocardial insufficiency', and digitalization is usually a good prophy- 
lactic measure (Wilson and Wishart). Digilanid, in 4 cc. (1 dram) 
ampoules of 0.8 mg. gram) , or Digoxfn in i mg. (%5 grain) 

dosages are the safest emergency intravenous cardiac tonics. Strophanilius 
and ouabain are likewise considered to be effective, but are dangerous 
drugs in the presence of Uie high rate of paroxysmal tachycardia, for 
fatal ventricular fibrillation is not an infrequent complication, 

A fatality during the intravenous injection of 1 Gm. (15 grains) of 
quinine dihydrochloride in a case of junctional tachycardia warrants 
caution in the intravenous use of powerful drugs in the presence of high 
heart rates, 

Quinidine sulfate by moutli has been used successfully in many cases 
in doses of 0.3 or 0.5 Gm. (5 or 71^4 grains) , the average dose being 0.4 
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Gm (C gnms) e\er> hour for eight doses Quimdme b> mouih every 
four to eight hours seems to slop attacks m about two thirds of Uie cases 
and prevents a recurrence m a similar percentage 

Mignesiuin sulfate in ao per cent solution injected intnvcnouslj 
slowly for die first 5 cc (ii^^ drams) then more rapidly 5 to 10 tc (ii^ 
to 2 drams) is usually an effective method (Zwillinger and St FcIicr) 
Calcium diloride or gluconate intravenously in doses of 10 to 20 cc 
(214 to 5 drams) of a ten per cent sohitioii making a total of from j to 
2 Gm (ij to 30 grains) of the diug will icrmnnie 70 per cent of attacks 
(Wolfe and Bellett) 

Tite calcium ion and its balance uith potassunn has been shown 
experimentally to have consultrable effect and recently has prompted 
the prophylactic use of calcium by mouth The administration of vita 
mins A and D are given siinuhaneously m adequate amounts Calcium 
preparations have been given by mouth in large amounts and in some 
instances there has apparently resulted a decrease in frequency of attacks 
Calcium lactate 111 1 Gm (15 gram) doses three tunes a day in tablet 
form should be used ParathyTOtd gland extract (parahormonc) in 6j 
mg (i-gniin) doses thrice daily ajiparcntly vvill stop attacks of par 
oxysmal tachycardia and prevent the recurrences 

Potassium salts iodide chloride or aceuie administered by mouth 
in from 1 to 5 Gm (15 to 75 grains) doses will often serve to sharply 
decrease the frequency of attacks of paroxysmal tachycardia 

IX AURICULAR FLUTTER 

Defimtion Auricular lluticr is a disorder of auricular activity 
characterued by rapid regular abiionual auricular contractions and by 
ventricular systoles (usually regular) at a slower rate The rate of the 
auricular contractions ranges from 220 or slightly less to as much as 
joo per minute The average is usually about 300 per niinuit The vtn 
tricular rate is commonly one half the auricular rale because of die 
presence of 2 i auriculoventncular heart block but at times it is slovscr 
or irregular because of greater or varying degrees of heart block In some 
rare cases there is an absence of heart block and (he ventricular rate is 
as rapid as the aunculai laic (1 1 rhythm) 

Varieties Auncuhr flutter may be (a) //aroxysni/ilor ( 0 ) 

Most commonly 11 is paroxysmal the aTThvihmu lasting for a few mm 
utes hours rarely for momlis or years 
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Pathogenesis: According lo Lewis (igeo), auiicular flutter results 
from a cltange in the physiological condition of the auricular muscula- 
ture which delays the rate at which iltc contraction passes ilirough it. 
As a consequence, the wa\e of excitation and contiaction, after trasersing 
a part of tite auncular musculature and retutning to its point of origin, 
finds the latter no longer refractory, but irritable. In consequence, one 
contraction wascafier another spreads along the same path in "circulatory 
rhythm." The path of the icgular "circus contraction’' is about the ori- 
fices of the great seins in the auricles: and impulses radiating from the 
"circus patiiway” spiead to ail parts of ilic auricle and to the auriculo- 
ventricular node. If Uie course of tire "circus contraction" is shortened, its 
rate increases; and, if it exceeds joo per minute, it becomes irregular. 
When rapid and irregular, the condition is auricular fibrillation, lictween 
auricular flutter and fibrillation, there is a state which may be called 
‘■nutter-fibrillatmii" ("impure llutier." "course fibrillation"). 

Clinically, auricul.ir flutter ni.iy be considered as midway between 
paroxysmal auricular tachycardia and auricular fibrill.ttion. However, 
the mechanism of auricular flutter diders ciuirely from that of jiaioxysmnl 
auricular tachycardia, os evidenced by the cIcctrocnrdiogTam. Fiirthcr- 
more, ns a rule, the auricular rate of paroxysmal auricular tacliycnidi.i 
is less tlian aoo oi at most 2 p per minute, while, with but rare excep- 
tions, the auricular talc in auricidar flutter is over 2}u ])cr minute (see 
section on ELECTROCARDiocRAnu) . 

Etiology: Pure ainicular flutter is not extremely cuimnon. It is 
quite |Jossiblc, however, Uiat short paioxysmv ate frequently ovcrlooVcd 
or aic mistaken for paroxysmal tadiycaidia. It is occasionally found as a 
complication of mitral stenosis, iliyrotoxicosis, hypertension, or coronary 
ilisease; it rarely occurs in |>erfcclly healthy Individuals vsiihout any 
other evidence of heart disease. Nervous excitement, sudden effort, 
surgical operation, or irauina may be precipitating faclois. It is found 
•about three tiwes more frequent})’ among males than among females. 
About three fourtfis of the cases occur after jo years of age. 

Pathology: So known characteristic |>aihoJogy aiiends anricukir 
flutter. 

Symptoms and Complications: TJic commonest symptom is jialjji- 
taiion, which may be so severe as to give rise to marked nervous excite- 
ment When the ventricular rate is very rapid (200 or more jw:r minute) . 
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dizziness weakness faintness or actual s>ntope ma) lesuk fioni impaii 
ment of circuhtoiy efficiency Symptoms of congests e failure may be 
coincident with or may be induced by luiicuhi flutter of long duration 
Congestive beau failure auricular thrombosis and embolism occui occa 
sionally as complications but are less ficquent tlaan in auricular 
fibrillation 

Diagnosis Usuall) an electrocauliogram is necessary to make cei 
tarn the diagnosis of auricular flutter However the condition should be 
suspected in the presence of a rapid regular lieait action persisting in 
spite of lest exercise and at tunes drug theripy particularly if there 
IS othei evidence of heart disease Caroiid sinus pressure merely slows 
the ventnculai rate momentarily in auncuhr flutter and fails to abolish 
the disorder This reaction differs from that of paroxysmal aunculai 
tachycardia 

Prognosis Auucular flutter is usually an innoying and more or less 
disabling condition hut it is seldom dangerous Often the paroxysm lasts 
only a few minutes hours or days stopping as abruptly as it started or 
It may last for weeks or even years finally stopping spontaneously or 
changing to auricular fiiinllation especially under full digitalization 
Treatment Short paioxysms of auricular fluuer lasting only a few 
minutes or several hours lequire no treatment other tlian reassurance 
and rest An ice bag to the precordium and a mild sedative sucli as 
bromides or phenobarbitaJ may prove of bcnefii 

Case XVII Atiricular Flutter Tl it xvas Changed to Auricular 
FibriUation by Digitalization and Dtd \ol Return to Aorinnf Rhythm 
Cven After Quinidine Mrs L L lioistvvife aged 47 presented herself 
because of an attack of rapid regular palpitation of the heart which 
was more disturbing ihan jl bad been previously The patient had had 
slight fainting attacks and somewhat similar heart action disuirbanccs 
upon exeriion or excitement tor years SIic bad always guarded herself 
and restricted her physical aclivuies for she had been told that she had 
a heart affection following rheumatic feier at d e age of alioin 13 She 
had had no other serious illnesses in her life Her marital history was 
negative She had borne tv o children widiout any di/Iiculty Her family 
history was significant in that her father had heart disease in the latter 
years of his life and had had irregular heart acuon and apparently died 
of heart failure at the age of 70 
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The ph)sical examination was significant m lliat she showed Uie 
ewdences of rheuraauc mitral stenosis She presented a high malar flush, 
and rapid regular mosements of the A wascs could be seen m her jugular 
\eins which were slightly congested Her heart rate was rapid, about 
150 per minute The rhjihra was r^lar hue wnuld become irregular 
and die rate slower on pressure over the c>eballs or over the carotid 
bifurcations Her heart was not definitely enlarged but just within the 
upper JjjDits of norma] sire A diastolic shocL. was felt in the pulmonarj 
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region and a sjsiolic shock at the apex, along with a shaqdy localized 
diastolic thrill in die same region A low rumbling diastolic inunnur 
filling most of the phase was beard oicr the ape^ There was a ver) 
slight, high pudied diastolic in the pulmonary area following a Pj dial 
was definitcl) accentuated 

Crepitant and subcrcpitam rales were Jieard at Uic bases of the lungs 
and the chest and lungs vserc resonant throughouu There was a slight 
tenderness in Uie liver region, a slight (pitting) edema was present about 
the anUes. 

Digitalization was undertaken and a dose of grains, digitalis 
powdered leaf (three tablets of 1 5 gram eadi) was given every four 
hours for three doses for the first two days, then one tablet of 1 5 gram 
at SIX hour inicnaU for two daw The signs of mvocardial failure, con 
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gcsuon, and rapjd bean rate decreased but the rh)Uini became irregular 
Electrocardiograms showed auricular fibnllauon. (Fig 17). 

After determining that she was not sensitise to quinidme sulfate a 
course of quinidine SO4 fisc grains cver^ hour for eight doses Ssas giscn 
svithout, hosveser, reestablishing normal sinus rhjihm One dail) dose 
of grains of digitalis P, I ssas sulEacnt to keep her heart rate at 
the optimum lescl of betssecn 60 and 70 beats per minute 



Ficcu: 18 Auricular Ouucr anchonuctl to normal smut th}ihtn 


CvsE XVIII Auricular rluttcr That HcsponJeil Directly to (lumtjine 
Therapy J J S, aged 68, complained of sscakticss and a rajitd flm 
tering m the neck ui attacks lie had lost a great deal ol strength as 
well as weight He had noted pilpiiation m his neck and ears on the 
sliglitcsi, even ps)rJiologic3l cNcriion There was some il)spnea on extr 
tion after ssalking rapidl) or slowl) for ten blocks He v»as friqutiul) 
on the scigeof collapse He had Jnd no pain in the prccordnnn for scscral 
^cm His past hisior) s\as ncgatisc cxcxpt for smusiits and jiossibly 
chronic lead absorption from a splattered kid bullet m his right spheno- 
maxillary region 

The ph)sic.il txainination showed an emaciated old mrii with some 
ejanosis of Ins hps There was a rapid movement in the jiiguJir vein 
averaging alwiit 300 beats fitr minuic However, the jmlse rm was rnU 
75 per inmute His blooil pressure lancd from 110/60 to Ij'i/Oi The 
j)cnj)hcral irtencs were stiff llts Iieart was slighth enlarged It exitiHhiJ 




780 


C/VRDlOVvVSCULAR DISEASE 


II an. 10 ihe left of the midstemal hne Tlic heart action uas regular 
and the heart sounds were of an extremely valvular qualit). The mitral 
first sound was sharp and sitodtmg at the ape\ as was also the aortic 
second sound. A faint systolic murmur was heaid in the aortic area. 

Tlic lungs were clear. The abdomen was negative. Tlie liver was 
not palpable or tender. The electrocardiograms showed aunailar llutter 
and a four to one block The patient was put on quinidine sulfate, 
five grains every hour until his noniial nicdianism was restored after the 
third dose. The ventricular rate was more rapid after restoration than 
previously. The patient was, liowcvcr, more comfortable. 

^Vhen liie parox)sin lias lasted more th.an a few hours, digitalis shotdd 
be given iii doses of o 2 Gm. (3 grains) of the powdered leaf, three or 
four times daily, for several days, as indicated. If after several dajs the 
ventricular rate has been reduced to normal hut auricular flutter still 
persists, digitalis should be coiuitiuccl in daily maintenance dosage. Ac 
times, when auricular flutter changes to fibrillation under digitalis 
ihempy, stopping (he administration of the drug is followed by the 
return of normal rhythm. When normal rhytlim is restored, fnrtlter use 
of digitalis is not necessary, in about half the cases, digitalis therapy is 
successful: and in a few cases, when digitalis fails, quinidinc sulfate proves 
successful. Digitaiis shouid be given first trial; and then, if normal 
rhythm is not restoted, a course of quinidine may be given. Quinidinc 
sulfate, in doses of 0.2 Gm. (3 grains), two or Uirec times a day, is at 
times of benefit in reducing the frequency of paroxysms. 

Avoidance of fatigue, physical and menial ovei exertion, overeating, 
excessive use of alcohol, tea, coffee, and lobacco; infections; and conges- 
tive heart failure aid in the pievenlion of paroxysms of auricular flutter. 

X, AURICULAR FIBRILLATION 

Synonyms: Pulsus irregularis perpetuus; absolute or perpetual ar- 
rhythmia, delirium cordis, rnilral pulse. 

Definition; Auricular fibrillation is a cardiac arrhythmia, character- 
ized by absolute irregularity of ventricular action and complete absence 
of normal auricular systole. Fundamentally, it is a disturbance of aiiiic- 
ular origin, the walls of Uie auricles being tlie seat of fine rapid fibrillary 
contractions to some of which the ventricles respond in an irregular 


manner. 
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Varieties: Auricular nbiiilaiion may be: (a) Paroxysmal oi 
persisteut. It is usually the latter; and when once established, it tends 
to persist. 



Tit IRE 19 \iinoiljr filjnttauon (inihoiiiml to normal tiiiiit ilmliiu 


Casi XIX Paiox-iswal /hiricular I thrtllalion Rcspumlnig lu Qmum 
t/me Mrs H L I*. ag<d CO, awiiplainid ihai site uas frtijucntly 
disturbed b\ auatks of rapul irregular heart aclioii. uhicli came on jwr- 
licularlv uhen slic uas faugued. She had Iiad allacks for ab.)nl three 
uccks. 'I he first one follostctl a long automobdc trip to \rkansas to msu 
53 
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relatucs Ii may be of some signiHcancc that during the irip it isas 
pointed out to her that one broUier had died sudden!) of apparently 
heart disease at the age of GO and Uiree cousins had also died suddenly of 
Similar afflictions It t\as added that she might do hkeivise The trip 
home through the suffocating heat o£ the Panhandle of Texas completely 
cxiiausied her 

Two da)s after she relumed home she rccognucd for the first time 
the attack as one of irregular heart action She called her physician who 
look an clcctrocardK^ram and reassured her Then Uic attacks stopped 
There were howescr, frequent recurrences whicli continued up until Uic 
tunc she came to Galveston She had felt faint on one occasion when 
listening to a piano musical program She did not faint She had no 
definite sliortncss of breath and no pam over the licarn She had a slight 
edema of tlie left leg which recurred at times since 1918 when she had 
tlurombophlcbitis 

Her past history is negative except for the Uirumbophlcbitis which 
followed an operation for a fibroid during whidi also an ovary and tube 
were also removed along with the appendix She insists that she had 
been heart conscious for at least 20 years. She had been able lo feel her 
heart beat against her chest vvhile sitting in a cliair or lying m bed Her 
tonsils were enlarged but she had never suffered from a sore throat She 
had scarlet fever at the age of Uiree or four She was given large doses 
of calomel to tlie point of salivation from which she lost four teeth Her 
habits have been exemplary her marital history was negauve, and irrele- 
vant Her family history was good except for the sudden deaths of a 
brother and three cousins 

The physical exarainaiion showed no reliable signs of heart diicasc 
other than Uie paroxysms of irregular heart action high rate with con 
siderable apex speed 1 10 and 160 Tlic reiroraanubrial dullness was at 
tile upper limit of normal but the aortic second sound was not abnonnaily 
accentuated and no s^siohc murmur xtas heard at tins tunc I^oibing 
testified to ilic presence of aortic sclerosis There were paroxysms of 
auricular fibnllation the heart rate was frequently at 100 and would 
drop down into the eighties upon rest The blood pressure was 122/70 
in die right and 120/68 in the left bradiial artery The lungs were 
slightly hyperresonant The vital capaaty was greatly reduced to 1000 cc 
which was about 50 {>er cent of normal There was a slight edema of 
die leg particularly the left leg Electrocardiograms confinncd die diag 
nobis of high-grade -luncular fibrillation 

The patient was put on qumidmc sulfate two grams in a capsule 
given at half hour intervals until she had had a total of 10 or 20 grains- 
One five-gram tablet vvas adinmisicrcd at the next half hour In the next 
hour the heart rate was normal The dosage wis maintained at five 
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grains ovice a day for uvo days, and changed to one dose of ilirce and one 
of fi\e on the third and fourth days, the fifth day she uas giten one fite- 
grain tablet a day which r\as duided, 2*/^ grains in the morning and 
grains of quinidine sulfate in the afternoon. She continued to remain 
free from attacks. 

Pathogenesis: The mechanism of anncular fibtillation is quite simi- 
lar to tliat of auricular flutter, except that the "circus mechanism" in 
auricular fibrillation is irregular and more rapid, being 400 to 600 per 
minute. 

Etiology: Auricular fibrillation constitutes about 50 per cent of the 
cases of persistent arrliy thinia of tJie human heart According to etiology, 
auricular fibrillation is commonly diMded into (i) The rheumatic, 
and (2) the nonrheuinatic (arteriosclerotic and miscellaneous) groups 
About 66 per cent of the cases arc of rheumatic origin About tuo thirds 
of the cases of advanced mitral stenosis are complicated uith auriculai 
fibrillation. Auricular fibrillation is not infrequently associated uiih 
thyrotoxicosis. Comparatively rarely is it Uie result of syphilitic cardio* 
vascular disease. Also, the combination of auricular fibrillation and 
angina pectoris is extremely rare; and subacute bacterial endocarditis 
and auricular fibrillation are rarely associated Occasion.iJJy it occuis in 
individuals, otherwise perfectly healUiy, seemingly witliout heart disease 
It seems that possibly there is a nersous hypersensitiveness which predis 
poses to the arrhytliinia At times factors, such as physical and mental 
overe-xertion, excessive use of tobacco, alcohol, tea and coffee, infectious 
diseases, trauma, and gas poisoning are responsible for the onset of 
paroxysmal or permanent auricular fibrillation. Males are affected about 
twice as frequently as females, possibly because of being subjected to 
greater strain. According to Stroud, Laplace and Reisinger, the av erage 
age of onset of auricular fibrillation due to rheumatic cardiovasculai 
damage is 39 years, while the average age of onset in the arteriosclerotic 
(nonrheumatic) group is about 59 years 

Pathology: No specific or cliaracterisuc anatomical or histological 
ch.anges can be held accouiimble for auricul.ir fibrillation. 

Symptoms and Complications: Palpitation is Uie most characteristic 
symptom of auricular fibrillation. It is most annoying at the onset of 
permanent fibrillation or during paioxysms. When permanent and prop- 
erly treated, auricular fibrillation exists at times without symptoms. Occ.i- 
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sioinll) d>spnca "uid precordial pam ire complained of particularly 
when a marked psyduc element is present or when myocaidial failure 
develops When the heait is very rapid the individual may complain 
of weakness dirtiness and faintness In many cases die ventricular 
(apex) rate is faster than the radial pulse rate the difference beinj llie 
pulse deficit The apex rate may be as high as iGo per minute and the 
radial pulse rate as low as go and then with optimum digitalization both 
rates may become yo the pulse deficit having disappeaied In every case 
of auricular fibrillation it is extremely important to record not only the 
radial pulse rate but also die apex rate The blood pressure in auricular 
fibrillation may be normal high or low 

Heart fnihue forms die chief complication of auricular fibrillation 
Anodier often serious and at umes fatal complication is embolism into 
the cerebral splenic renal or peripheral circulation The emboh ansc 
from thrombi that form as die result of stagnation of die blood in the 
dilated noncontracting fihnilating auricles 

Diagnosis A conspicuous arrhythmia that persists when the heart 
rate IS increased to 140 per minute 1$ auncular fibnllauon Other types 
of disturbance of die hearts rhythm vanish as the heart rate is elevated 
to 120 to 140 per minute The rule may fail in rare instances of short 
paroxysms of auricular tachycardia and fiutier 

Electrocardiography is of great value in confirming die diagnosis of 
auricular fibnllation Tlie typical electrocardiogram is charactenzed by 
total irregularity of ventricular complexes an absence of P waves die 
presence of small rapid undulations (/ waves) and not infrequently 
variations m die amplitude of the R wave from cycle to cycle 

Prognosis In die absence of serious myocardial disease auncular 
fibrillation of paroxysmal or ciiromc fonn may cause very httle discom 
fort if the ventricular rate is kept vvitiun nonnal range Qumidine 
therapy will establish normal sinus rhythm m some individuals others 
when kept digitalized are able to enjoy acUve lives for 20 or more years 
Because of the danger of myocardial failure the uchycardia is more 
serious than the irregularity per se According to Cookson the expecta 
uon of life in auricular fibrillation is greater in the arteriosclerouc (non 
rheumatic) group than m the rhenmauc group In *>3 rheumauc cases 
in which the age of onset of fibnllauon was between 12 and 17 years 
the average duration of life was 10 montlis wlule in 16 cases in which 
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the age of onset was between 28 and 38 jears, tlie average duration of life 
was 65 jears In very rare cases, death ocaus suddenly, presumably due 
to ventiicular fibrillation or cerebral embolism 


Case XX Hig/igiarfe Aunctilar rib}ilIation That IFni Over 
digUaltzed' Mk J C, a Southern lady of 70 summers, complained of 
irregiiJar heart action, shortness of breath uealness, and hcadaciies Site 



Figure 20 VuricuUr fibrillaiioii o^erdigiulizcd 


began to haie uouble wJien she was m the motintams of Colorado in 
the summer of 1938 She went from theie to the Otarks, at which altiiude 
she was moie comforiable, but she had peculiai cerebral episodes, difli 
culty m breathing, and in using her right hand which lasted for about 
three hours After tins attack headache was moic severe and occurred 
more frcquentl} Site Jiad been found allcigic lo milk and milk products 
and had refrained from the use of such foi 18 months, but had begun 
again some weeks befoie her present iHncss began V rheumatic infection 
20 >ears and sciatica about 30 sears, previously cleared up after she had 
had infected teeth removed Otlicrwise her past history, manial history. 
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and farnil)- hi'stor)' «cre entirely negative, except for die fact diat her 
fadier died at 71 }ears of age of "stroke," 

The examination showed a woman who looked much, younger than 
her given age. She took a deep sighing breath about every sixth inspira 
tion. There was no engorgement of the neck veins. The retroraanubrial 
dullness measured 6 on. The heart was at the upper limit of normal size, 
extending 3 5 cm. to the right in the fourth interspace and 12 5 cm. to 
the left in the fifth interspace. The heart action was absolutely irregular 
and very rapid, averaging about 160 beats jier minute. There were no 
abnormalities found in the d6se examination of die heart The radial 
pulse likewise was quite irregular, but only averaged about 100 per 
minute, whicli showed a definite loss of 50 or 60 beats per min- 
ute There was no sclerosis of the periplieral vessels Tlie blood pres- 
sure was low*, 130 to 110 s)stolic and 80 to 70 diastolic The lungs 
were slightly h)pcrTCSonani but dear diroughoui. There was no tender- 
ness in the abdomen. The liver was not engorged, nor palpable. There 
was no edema of die extremities. 

The electrocardiograms were taken which confirmed the diagnosis 
of a high grade auricular fibrillation. 

The padent was sent to her ph)sician with the orders that she be 
rapidly digitalized at the rate of grains of digitalis P.L. six times a 
day for three to five da>s and dicn three times a day for a few da)s. She 
returned 18 da)s later quite upset. Another electrocardiogram was taken. 
The heart rate was found to be in the neighborhood of 50 per minute. 
She had a very severe acuie diarrhea. There were visual disturbances 
whicli colored most objects tan or brown, gave the skin a bluish, cyanotic 
color. This disturbed her considerably. She bad taken 27 grains of a 
good grade of digitalis powdered leaf in capsules, during the first ilirce 
days, and 1 5 grains a day for the next 15 days, for a total of 85 grains 
in 18 days. Of course, the dosage should have been cut down to 1.5 grains 
a day as soon as her heart rate dropped to the rate of 70 on the third day. 
This optimal heart rate probably could have been maintained on perhaps 
1.5 grain a day. In view of the apparent digitalis poisoning the drug vv-as 
suspended for ten days. She was then put on digilanid 0 3 mg. per day 
whicli maintained her at a low rate and in spite of discontinuance of it 
a day or two a week. She again began to have symptoms whicli were 
relieved after she stopped ilie use of the drug for a few days. The pulse 
rate has remained between 50 and 70 per minute. 

Treatment: Absolute rest and full diglulization are indicated in 
cases of auricular fibrillauon of high grade with congestive failure. In 
the absence of serious myocardial disease, congestive failure, and tlie 
history of embolism, quinidine sulfate may be administered. A paroxysm 
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of auricular fibrillation \\luch has been present for more than two or 
three hours can often be arrested sviih qumidme. Digitalis should not 
he prescribed m paroxysms of short duration because of its slower action 
and because it may prolong the attack Ho\sc\cr, if qmiiidine proses 
ineffective, digitalis should be used, espccnlly if congestive failure 
supervenes. 

Bromides (i Cm—t^ ^ens— three dates s dx^) c/r yhcaabarbttsi 
(o oiG to o 032 Gm —1/^ to gram— three times a day) piove useful 1:1 

aliasing restlessness. ^Vn ice bag locall) is of value 111 relieving precordial 
discomfort. Occasional!), codeine sulfate (ooiG to 0032 Gm — 14 to 
grain— by iiiouth or h) podemncally) , or moiphinc sulfate (001 to 
o oiG Gm.— i/j to Vi gram— hypodermically) is neccssar) to relieve marked 
restlessness, palpitation, or precordial pain Reassurance is of great 
importance m every case of auncidar fibrdfation 

In all cases oi auricular /JOrill/ilton, physical and mental overexertion. 
overeating, fatigue, excessive use of tobacco, alcohol, tea and coffee, and 
infectious diseases should be avoided 

Focal infections should be corrected ns far as possible Surgtc.il opera 
lions and anesthesia should not be withheld vvhen obviously indicated 
With proper preoperative treatment, patients wiih advanced licari dis 
ease stand surgical procedure quite well. 

When thyrotoxicosis is isiesent, thyroidectomy should be considered 
and is usually necessary to correct Uic cardiac disorder. In sucli cases the 
aclminisiraiion of Lugol's solution (five to ten drops, three times a day) 
for a week before operation has a quieting effect on the heart action 

Xr. DISORDERS OF IMPULSE CONDUCTION 
I. Heart Block: Conduciiviiy is one of the primary physiological 
properties of heart muscle. Impulses arc rhyihnncally generated in the 
sinoauricular node and ihc.n spread out, more or less radiaify, through 
the auricular muscle, bein^ propagated from muscle cell to muscle cell, 
at a rate of about 1000 nun. per second. There arc apjiarcntly no s{>e 
cialired pathw.ays m the auricular muscle. Arrived at the A*V node, the 
progress of the wave of excitation (and contraction) is slowed, the velocity 
of conduction through the node being very low. Passing downvvard 
through the A-V node .and bundle, Uic iinpuhc accelerates as it enters ihe 
large, glycogen rich fibers of die bundle branches and their arborizations, 
ihc subcndocardi.il Purkinjc network, the rate of piojwgition using to 
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(2) PArjJOLOCicAX. PiiisiOLocv OF Hlart Block: In general, it ma) 
be safely staled that only in the higher grades of heart blocL, such as 2:1 
partial or complete heart block, is there enough mechanical disturbajjce 
due to the excessive slowing of the ventricle to produce S)mpioms result- 
ing from the decreased minute volume. Some patients vsith congenital 
heart block, or witli rheumatic heart block and little other rheumatic 
heart disease, may continue unhampered through life. Congestive failure 
is rare in spite of the associated myocardial conditions, probably because 
the piolonged diastolic period of Uie slow heart permits suiricicmly 
complete recovery and oxygenation, and thus the extra strain that the 
block puls on tJie heart, a strain uJilch uoiild oihcruisc be a precipitating 
factor, is compensated. 

(3) SY^tPTO^ls OF Low Grade H. B. as sini])le defective auriculoven 
tricuJar conduction are usually ml. Jf any arc present they may be consid- 
ered to be due to the effect of the disease process on other jarts of the 
heart. Complications usually do not ensue, but cvcmually most cases 
advance to higher grades of heart block. 

(.j) Sv MPTOMS OF THE Hicii Crade 1 1. B.: In the Jiiglicr grade sy mp- 
toms appear weakness, fatigability, precordia) |x)in, and abdominal pain 
simulating gastric ulcer are usual complaints. Giddiness, vertigo, and 
syncopal attacks arc the common symptoms in elderly individuals, espe- 
cially in tliose with cerebral arteriosclerosis as ucll as v\itli cardiac 
scleiosis The sensory symptoms of the dropped beat may frequently 
be similar to those that are present during .and after the postcxtrasysiolic 
pause and its subsequent contraction. 

(5) Diagnosis: This depends upon Uic use of graphic mciliods. 
especially clectrocaixliograms, in uliich the incrcasetl P-R interval is 
easily recognized. The condition iiwy be suspected from the presence 
of the presystolic gallop rhythm, the result of an abnormally wide scijara- 
tion of auricular and ventricular activity and sounds. Normally, the 
systoles in both auricles and both vcniriclcs come wiiliin 0.18 second of 
each other and produce sounds whicli blend in forming the first heart 
sounds. With (he inaease of the conduction interval between the tuo 
systoles, die sound of Uie auricular activity may split off and be heard 
.as a slight presystolic element. As the interval increases, the auricular 
sound may be heard nearer the second sound, thus producing the proto- 
diastolic gallop rhythm. 
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(6) Prognosis: At best, the piognosis must be guarded, for in Uie 
presence of such a sign of definite heart disease, tiie changes of rheumatic, 
syphilitic, or arteriosclerotic disease in otlier pans of the heart may lead 
sooner or later to a fatal issue. Occasionally, houever, the patient may 
Jiaie conduction pathway damage, and relatisely little other myocardial 
disease. In such cases, and die very rare ones that have congenital con 
duction defects, the outlook may be relatively good, but there is no 
way of foretelling this with certainty. 

(7) Treatment: This depends upon the symptoms, the type and 
extent of the heart disease, and the degree of heart block that is present. 
The asymptomatic type calls for the direcung of therapy against the 
etiological factor, whether it be local, rheumatic nodules or syphilitic 
infiltration, or vascular changes. There is often a response to salicylates 
and iodides. Even arteriosclerotic processes and local circulatory dis- 
turbances are in a measure amenable to treatment with iodides, theophyl 
line and nitrites. 

Removal of vagal influence can be accomplished with tincture of 
belladonna in i cc. (i6-minim) doses, atropine in 1 to 2 mg {Yqs to 
Yto grain) doses, or honiatropinc brometliyJate (novatropine) in 0 0065 
Gin. {Yiq grain) doses to tlie point of tolerance. 

Digitalis, tiirough its vagotonic effects, usually incieases the degree of 
block and may seriously embarrass an already impaired circulation by 
decreasing the number of veutiiculai beats per minute. The slowing 
may, however, afford a sufficient diastolic interval for almost complete 
oxygenation and thereby actually be beneficial. In partial heart block 
with frequent and disturbing intervening of complete block, it is usually 
distinctly advantageous to digitalize the patient and put him into com- 
plete and permanent block with a regular idioventricular rhythm at the 
rale of 40 per minute. 

Case XXI: Two to One Heart Hhck Relieved by Atiopine' Mrs 
W R , aged 55, a housewife, had no symptoms referable to her heart until 
after she had had a septic sore iliroat in the fall of 1937. Her sore throat 
was apparently very severe with very high fever. Smears and cultures 
were taken of her Uiroai which showed short cliaincd diplococci but no 
diphtheria baalH were found. The tonsils became ulcerated and drained 
mto the neck glands. After several days of local ircaiment, she was given 
sulfanilamide, 15 grains, every four hours for six doses eacli day for two 
days. At the end of this time the temperature dropped below- the normal 
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leiel It lias noticed that her pulse rate lilctiisc decreased terj sharp!) 
to about 40 per minute. Her nail beds and her mucous mciiihrants Here 
someivliat c)anotic. She noted some giddiness and a slight shortness of 
the breath 

The electrocardiograms sliowcd a partial tuo to one aunculo\emiicii. 
lar heart block An injection o£ Gm o£ atropine sulfate i\as adiiiin 
istered Her pulse rate promptly rose as is shown in the electrocardio- 
grams to 120 per minute In just a few days, howcier. the scmnailar and 
auricular rates slowed down to a Icicl of 75 and remained so \11 
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symptoms disappeared and the ailtures were reported neg.iinc for 
diphtheria This patient had had m her past history diphtlicna for 
which she had been giscn antitoxin This was, I bclicic, m 1910 It is 
jjossible iJjat tins previous diplilJicria Jiad produced, as it frcqucnll) does, 
slight diangcs m the conduction pathways whidi persisted in a block 
wludi was caused in the presence of another se\cre throat infeclion 

(d) Complete Heart Block The conduclion to the \eiuncle any 
gradually become so jioor that only i out of 3 , [, 5 or 6 .mrietilar impulses 
goes through to the \enlncle Finally, a point is icachcd when no bens 
arc transmitted and there is a swic of complete dissociation or complete 
heart block Under such conditions the auricle beau on at its own ntc 
and die \cntriclc is actuated by its own jiacemakcr at a slow, regular 
independent rhythm Idioeentnailar foci are of considerably slower 
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heart rate remains at 40 or less, regardless of exercise, anijl niintc, or 
atropine. 

Progtiosis of all types of heart block is serious The higher tlie grade 
of block, the more serious the prc^osts Death may occur suddenly m 
con\xilsi\e syncope or with cardiac pain, and much more uncommonly 
in congestive failure with edema. 

Case XXII Heart Bloek with Adams Stokes jlilacks Jielieied by 
llto/Jine and Efihedrine J W, aged 73, a retired merchant, v»as being 
subjected to a prosiatcciomy When near tlie end of the operation he 
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collapsed, became deeply cyanotic His heart bad sioppcil beating, the 
neck veins became engorged As emergency treatment he was given 
thvTOxin 1/120 gmin and epmephnne hydrodilondc dircc minims, 

into the jugular vein and he was put into an upnght position Sharjs 
blows were directed against the precordial area At the same time atropine 
sulfate vias given at the rate o£ gram every five minutes until five 
doses had been given Immediately after ihe pulse returned the patient 
became quite flushed, the operation vsas completed and he was uken 
to his room 

The electrocardiograms taken direaly after die ojicration sliowed a 
normal mechanism with an increased rate of 120 per minute Nothing 
further was done throughout the day. After die atropine effects had 
worn off the patient began again to hate a low pulse rate. It droppcil 
to CO and then to 30 beats per minute The electrocardiograms eaten at 
that lime showed two to one and four to one or complete heart block 






DJSTUllBA^CI:i OF THE HEARTBE^VT 795 

U was of interest to learn Uiat a brotlier had died m an Adams-Stokes 
attack a few )ears previously 

‘ He was put on regular dosage of atropine, ^oo gram, e\er) three 

hours The pulse rate gradually rose to the level of 90 or 100 and 
reimined tliere as long as the atropme was continued The heart block 
would reappear upon the suspension of the atropmization and on one 
occasion a short attack of convulsive sjneope, an Adams Stokes seizure 
intervened Ephedrine hydrochloride, % gram, three times a day instead 
of the atropine sulfate was successful in preventing recurrences of the 
attack Barium dilonde in % grain doses twice daily failed to maintain 
the normal heart rate 

The physical examination sliowcd a heart outline that was at die 
upper limit of nonnal, a slight increase in the retromanubnal dullness, 
a loud systolic aortic murmur and an accentuated aortic “second sound 
Miggosied the presence of aortic arteriosclerosis m this area There was a 
normal blood pressure and evidences of sclerosis of die peripheral arteries 
He did well as long as he teniamcd on atropine or ephedrine but atropme 
caused a dryness of lus mouth and ephedrine made him nervous The 
treatment, however, at any time that he was having dilhculites was 
ephedrine or atropine He got along quite satisfactorily for several 
months He developed an appendiatis and penioimis for which he was 
ojieraicd upon again and from which he faded to lecovcr, although his 
heart rate remained nonual ihrougliout There was no suggestion of a 
rccuncnce of die previous (rouhtc As the atropme had been used and 
had prevented the reestablishment of the heart block Wc would now in 
parednne hydrobromide in 20 mg doses two or three times a day to 
prevent the heart stoppage, but v\e vvouUl probably use atropme sulfate 
too 

Treatment In Adams Stokes attacks there is necessity for medication 
nhtch sttmuUte and keep imtahie the \cmTicidaT pzeeznaker 
In an emergency, epmephnne hydrochloride in a dose of o 25 to o 5 cc 
(4 to 8 minims) of a 1 1000 solution may be administered intravenously 
into the jugular, or even intracardiaciy Barium cJiloride or ephedrine 
hydrochloride or paradnne hydrobromide, each in 50 mg {■>(, gram) 
doses by mouth may be useful in preventing ventricular standstill 

(/) Bundle Blanch Block' Synonyms Complete intraventricular 
conduction defect, asynchronous action of tlie two ventricles 

Definition Bundle branch block is a serious cardiac mechanism dis 
turbance, the result of interference with the conduction of the excitatory 
process below die bifurcation of the auriculoventncular bundle 
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The bundle brandi block may be complete or incomplete, rarely 
partial, and may occur in cither branch. There is thus a delay in the 
excitation of the affected \entricle unu! the impulse spreads to it tlirough 
the muscle from the unblocked bundle branch. 

Diaguosis: The diagnosis is made xviiJi certainty only by the charac- 
teristic electiocardiographic findings. Tlicrc may be a prolonged muHIed 
blurted first heart sound. Sometimes such a great separation of die sound 
clcrncnts occur that the part of the first sound caused by the contraction 
of the promptly actitaled \eniricle apficars to come in late diastole, truly 
ui prcsysiolc, and thus simulates the rumble of mitral stenosis. Along 
ivith the suggestixe changes in die first heart sound, reduplication of the 
second at the base and a double apical dirust haxe been considered as 
almost diagnostic of die condition. Unfortunately, not more than half 
of die cases that are discos ered by the electrocardiographic findings (the 
broad Q*RS inienal of 0.12 to 0.16 second uidi the T xvaxes oppositely 
directed to the main deflection) shore tJiese clinical exidcnccs xshen sub- 
sequently examined. 

Case XXIIl' Aclate and Jlceurrent Jiundle Jiranch Jilock Along 
with Acute Jlheumalic Cardilu: L. H., aged 28, rcccmly mairicd, began 
to fiaxc heart trouble, fever, and painful joints, following die cessauon 
of her menses. She dcsoribctl a typical migratory arthritis of acute rheu- 
matic fever. She soon became conscious of a dull pain m die region of 
her heart and a jieculiar rumbling palpitation that had persisted. 

Upon jiliysical examination she Mas found to have a low grade fever, 
moderately rapid pulse, normal blood pressure. Her heart Vvas not 
enlarged, llie apex beat, honever, was somewhat diffuse and apparently 
double humped 'I he rciromanubnal dullness seemed to be at the upper 
hniit of nonnah There uas heard m the base upon auscuitathn a h/gh 
pitdied thastohe murmur and over the conus arteriosus there was a to 
and fro leathers friction rub, and at die apc.x a systolic murmur. The 
clicst and abdomen Vicrc oiherwise negauve, except that the obsieiridan 
ihouglii dial she was two mondis* pregnant. 

Diagnosis of an acute rheumatic aortic and mitral valvulitis and 
pcncaidius and pregnancy Mere made. Electrocardiograms showed a 
very dcrmiic complete bundle block of the usual type as shovsn in the 
Figure 23 A. 

She was put to bed and given sodium salicylate in daily 21-hour 
rations of one gram per pound of body Meiglu in equally divided dosage 
every four hours After her fever subsided she was given lialf the dose for 
a period of two weeks, then a quanerof the dose for another two monilw. 
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She ^\as continued on one-cightlt the dosage, [or a period of five montlis 
During this time her condition improied considerabl) Her rheumatic car 
ditis apparently cleared up and her pregnancy progressed The pencardtal 
friction rub gradually disappeared the systolic murmur became some 
what louder, die aortic diastobc persisted The electrocardiogram, how 
ever, showed a very definite change bach to normal iniraventncular con 
ductjon time 

She was kept m bed until the eighth month and as her mtraventncu 
lar conduction was normal (Fig 23 B) Dr E L King did a low cesarean 
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On admission Just preccsarcan Pasicesarean Jiisi before sjcnljiation 

Ficru 23 Tramicnt bundle branch block 


section and delivered a living cliild However, alter the cesarean section 
was done, die bundle branch block was found to return (Fig 23 C) She 
was put on bed rest treatment for another two weeks, and v^hen die 
intraventricular conduction defect disappeared (Fig 23 D) she subjected 
to a sterilization operation The bundle branch block was again in cvi 
deuce and continued during her postoperative period She was allowed 
to leave the hospital widi her babe and continued small daily rations of 
sodium salicylate for a year She was advised to restrict her activities 
moderately She was able to carry on, however, saiisCactonly 
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Prognosis: In itself, this is serious, aside from the fact lliat the condi 
tion is evidence of serious myocardial ciamage. Slight provocation, sudi 
as a minor operation even under local anesthesia, may be sufRcient to 
precipitate faul ventricular fibiillation. 

The condition is occasionally lemjjorary or transient. 

7'ieatment: This is similar to that of othei types of heart block, espe 
dally those of arteiiosclerotic origin, with emphasis on the use of iodides 
and coronary vasodilators. 

(g) AUernatwtr Synonyms: Pulsus alternans; alternation of the 
pulse; alternation of the heartbeat; alternation of the heart mechanism. 

Definition: Alternation is a palpable Vveakness of eveiy other regu- 
larly placed heartbeat and pulse vv-ave, resulting apparently from partial 
contraction of the vemucle vvitli each alternate systole. The phenomenon 
IS detectable not only in palpation of tlie pulse, but also in the taking 
of the blood pressure, and occasionally also in auscultation of the iieart, 
but rarely m the electrocardiogram. 

The important fact to be remembered is Utat die contractions of the 
heart are equally spaced The apex impulses occur regtdarly. 

The padiogenesis of the coiidiiioii is quite obscure. TJie theory most 
generally accepted is that because of circtilatory disturbances, the ven- 
tricular muscle recovers unduly slowly, so that diere is apparently a divi- 
sion of cardiac musculature into three unequal masses. A, responds dur- 
ing eadi beat, B, whicli is larger than C, during every other beat; and 
C, during diose alternate beats when B fails. The beat, A -4- B, is stronger 
than /f 4- C because B is larger Uiaii C. The group of cells, B, that has 
just responded during one beat, having a slow recovery, is in the refrac- 
tory period when the alternate impulse comes and activates the smaller 
muscle mass; but by the time the next impulse arrives, the larger mass 
IS out of the refractory state and is ready to contract, while die smaller 
mass, C, that responded is refvaclorv. 

Conduction disturbances in intracartliac impulse propagation may 
likewise accompany these changing refractory states. 

Anatomically, there is nodiing Uiat can be recognized as padiog 
nomonic of die condition. The hearts that duiing life exiiihiied this 
phenomenon, however, usually show extensive degenerative changes 
which are frequently of arteriosclerotic coion.iry origin, with secondary 
nutritional degenerative chemical changes in die myocardium. 
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The patients are usually o\er 50 years of age and, as a rule, present 
evidence of hypertensive heart disease. 

Sudden strain on the heart, such as periods of rapid heart action, 
whether due to parox>smal tachycardia, auricular flutter, or auricular 
fibrillation, may give rise to aUernatioti. Instead of allowing time for 
adequate oxidation and reco\er)' in the all too slroit diastolic period, 
the already embari-assed heart muscle, driten at a rapid rate, recovers 
abnormally slowly from its fatigue and its refractory state. 

Symploim: There are no symptoms tlrat cair be referred directly to 
alternation. The condition is usually associated with myocardial insuffi- 
ciency, the serious symptoms of which are the cardinal symptoms of heart 
disease present; Dyspne.r, edema, congestion and pain. 

Diagnosis: Alternation is usually suggested by careful palpation of 
the pulse; when the latter is evenly spaced, alternate weak and stiong 
beats are detected. Tire condition should be looked for in all patients 
witli chronic cardiovascular disease. It is a \ery simple nratter to con- 
firm a suspicion of its presence by taking the blood pressure and carefully 
determining the two systolic levels, one at which only half the beats come 
through and the other 10 or ao rnin. lower down, at which all the pulse 
waves are transmitted, 

A tracing of the pulse ware will clearly show the alternation in ampli- 
tude. An electrocardiogram will differentiate alternation from the rare 
instances of bigeminy in which the prenrature contraction following every 
normal beat comes so late in diastole that the dilFereirce between die two 
intervals is too slight to be detected by any ordinal y sense of touch 01 
of Jiearing. 

Prognosis; The prognostic significance depends upon some of the 
concomitant findings. Immediately after a fatiguing episode of parox- 
ysmal tachycardia, flutter or fibrillation, or preniatuie contractions, alter- 
nation is not nearly so ominous as when it is found in patients with a 
slow, regular cardiac mechanism under which circumstances it spells 
imminent dissolution. In youtir and early adult life the condition is 
probably less significant than when it appears after middle age. 

Treahnent: This should be directed toward improving the general 
coronary circulation, and incidentally the chemical condition of the 
myocardium. 
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Case XXIV Obesity Hypertensive Arteriolar Disease with Mjo 
cardial Weakness and Pulsus Attemans or Alternation E. G a raiddlc 
aged executive had had as his ncincsis a voracious appetite lor many 
years He carried his excessive body weight of SaO pounds until at the age 
of 35 he collapsed had some pulmonary edema bloody e\j>cctoraiion 
and profound exhaustion It was noted that tlicre was conspicious alter 
nation m Jus pulse Two definite systolic blood pressures one of 220/1 10 
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and one of 180/110 were recorded m cadi brachial artery His hevrt was 
definitely enlarged a consjncuous gallop rhythm an acccntuition of the 
aortic second sound and a faint aortic and moderately loud mural systolic 
murmurs were iieard Tiic nccl veins wcie shgJuly engorged The bases 
of the lungs were slightly dull and subcrcpuanc rales were tjuiic numcr 
ous The liver edge was palpable and tender Electrocardiograms showed 
shgJit diangcs in Jus T wave m Leads I and II and some snggesinc cvi 
denccs of myocardial damage but no pathognomonic signs of cardiac 
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infarction of acute coronary major artery occlusion bundle branch block 
bigerainy, or alternation of Uie \oltage of the R na>es 

At absolute rest in bed his caloric intake uas sharply restricted and 
he lost 100 pounds of sveight and was scry much improved The allerna 
tions disappeared He could not keep his wciglit 2 d 0 pounds and his 
blood piessure rennined in the neighborhood of 190/110 With moderate 
lestriciions in the amount of physical exertion that he did and the amount 
of food that he consumed he was able to cans on for five vcors \n acute 
sinusitis precipitated another attack of congestive failure with alternation 
and edema from which ht faded to recover 
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Abdominal aneur>5ni, 16SS 
Abdominal pam jii iheurnanc foer, US 
Abnomaliiics, congcniul cardiac, 14 
Absolute anh)thinia, 7S0 
\cct>l beta meih>lcholme m paroxysmal 
tachycardia, 774 

Acetylcholine in hypertension. 1462 
Acciylsahqlic aod 
Hi erythOToalgra, 16J3 
in rheumanr heart disease, 73 
Aadosis {nondiabetic) , elccuocardiDgrain in, 
67a 

Acrocyanosii. 1741 
etiology, 1743 
activity. 1713 

autonomic nenous system. 1744 
aviCacnitiosu, 1744 
cold, 1743 

endocrine relationships, 1713 
mental disease, 1743 
physiologic pathology, 1744 
signs and sympioius, 1741 
treatment, 1746 
Acromegaly. 257 

Acrosclerosis (sdertxiernia, sclerodactylia) m 
Raynaud's disease, 1755 
\cvanotic group of congenital cardiac abnor 
maliiies, 14 

Adams Stokes disease, 793 

Adams Stokes syndrome, 12 

Addison's disease, 2C7a 

Age and hypotension, 1511 

Age, influence on Wood pressiirci. 1341 

Alcohol, effect on blood pressure, 1334 

\lkatosis. electrocardiogram in, 676 

Alpha shunt, 18 

Miemalion, 798 

Micrnauon in aiopiilude o[ succc»ise Q R S 
conipfcxm, 620 

\mencan fleart Assoaation, ongm and work 
of. 1053 
Aminophylline 
in coronary^ occlusion, 460 


Anunophylline (continued) 
m essential hypertension, 254 
in hypertension 1462 
Ammonium chloride in edema 1815 
Amyl nitrite 
m hypercension, 1462 
test 1450 

Anacrotic pulse of aortic stenosis 377 
Anemia and hypotension 1516 
Anemia as cause of heart disease 5 
Anemia elecirocardiogniro in 683 
\ncmia heart in 208 
anemia as ctioiogic factor in cardiac hyper 
trophy, 211 

Anesthesa for ihyTOid operaiioni 195 
Ancsibesia in cardiac pauents 560 
Aneurysm, 16S3 
cuology. 1665 

general CDnsidmiionv 1635 
pathologic charactenviio 1666 
signs and symptoms. 1666 
abdominal aneuiysia. I6S8 
cerebral ancury*"! 
peripheral arterial aneurysm 1683 
thoracic aneurysm. 1687 
ireaiment, 1689 

Aneurysm as comphcaiKin of cardiovasculai 
syphilis, 151 
Aneurysm, cardiac. 6 
Aneurysm, cirsoid 1753 
Aneurytm. congenital artcriuvenoiis 15, 1751 
Aneurysm, diagnosis, 162 
Aticssvysm oS «wv.t arch a*. covi?.^vcii.v<mv <it 
cardicivavailar syphilis. 15-t 
physical signs, 155 
symptoms. 154 

Aneurysm of coronary vessels. 8 
Aneurysms, true and false, in {jcriplieral 
anenes. 1712 

Angma pccionv 213 405. 445 
atheroma and sclerosis as a cause, 1 
diagnosis. 410 
ctectrocardiograrii. 599 
findings. 4(0 
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Angina pectoris (continued) 
in aortic imufRacnq. 374 
in h3poih}Toidism, 263 
mechanism. 405 
prognosis, 412 
s)mptom5, 403 
treatment, 413 
surgical treatment, 415 
Angina pectoris, parascitcbral S}mpatheuc 
block for relief of pain in. 11&5 
anatomy and ph)?ioIogy, 1185 
blocking of sensory paihiiajs 1186 
results and sctjuelae, 1192 
technic. 1188 

\ngina pcctons. total th}TOidcciom) in. 1231 
Angina pectoris, traumatic, 273 
Angiocardiography in congenital cardiac al>- 
normalitics, 36 
Angioma, casemous, 1753 
Angioma, simple, 1750 
Anomalous Iiands and diordae, 22 
Anomalous septa, 14 

Ano\emu test of ordiae insuOicicnc), 133 
Aorta, ascending, aneuiysm of, as complica 
tion of cardiovasailar s)pbiti$ 151 
Aorta, coarctation and hjpoplasia of, 14 
Aorta, dextroposition of, 15 
Aorta, hypoplasia of. 20 
Aorta, measurement by roeiugenolog) 711 
Aoru, medal qstic ncaosts, 4 
Aorta. X ray sisualiralion, 697 
Aortic and mitral atresu 29 
Aortic ardi 
double, 26 
right, 26 

Aortic arch and brandies, anomalies of, 15 
Aortic arch, aneurysm of. as complication of 
cardiovascular syphilis, 154 
Aortic coarctation, adult type, xray dug 
nosis, 706 

Aortic divarbsm from stenosis of aortic s-aUc. 
24 

Aortic insuffiaency, capillaries m 1363 
Aortic media, syphilitic necrosis 143 
Aortic septum, localized defect of, 27 
/Voruc valve, bicuspid, 23 
Aortic valve disease, 7, 373 
aortic insuffiaency. 161. 374 
in cardiovascular syphilis IjO 
aortic stenosis. 24, 377 
Aortic valves, rupture of, 274 
Aortitis, luetic, x ray diagnosis, 704 
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Arliorization block. 565 
Arrhythmia, absolute or perpetual, “80 
Arrhythmia, extrasystolic, 271 
Arrhythmia, sinus, 9, 749 
Arrhythmias, decirocardiography. 632 
Arrhythmias of unknown origin, 4 
Arsphenaminc in cardiovascular syphilis, 109 
Arterial ocdiision, sudden, 1632 
Ancnal pressure, high, 1413 
Arterial pressure. low, 1493 
Arterial trunk, common. 7 
Aiterul trunks transposition or reversed tor 
swnof. 15 28 

4rtenes, great, transposition of 7 
^\rtcncs, peripheral, aneurysm of. 1683 
Artcnocapiirary fibrosis, 243 
Aricnography, 1680. 1707 
Arteriosderosis 1541 
capillary sdcrosis ]3a2 
dinial importance of arteriosclerosis of 
greater arculation, I3a6 
diabetes and arteriosclerosis, 1537 
diagnosis 1561 
etiology, 1547 

experimental arlcriosdcrosis, 1333 
incidence, 1341 
localization of, 1545 

Monckeberg arteriovdcrosis, 1553, 1557 1710 
paihogeneis. 1543 
pathology. 1541 
phlebosderosis, 1530 
pnmary anerioscleiosis 1532 
prophylaxis, 1562 

pseudo or transient arteriosclerosis 1353 
relation of 
hcTCdiiy. 1359 

infections, food meUtliolic products and 
poisons, ]3a6 
race. 1558 
treatment 1532 
dice. 1364 
drugs, 1564 
educational, 1562 
exerosc and rest, 1563 
Attenosclcrosis, capillaries in, 1363 
Artcriosclerosu, latent, 243 
Aitcnosclerosis obliterans 1691 
etiology, 1691 
age. 1691 
heredity. 1699 

infectious acute and chronic. 1699 
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Aricriosclerusis obliterans, 
etiology (continued) 
lead. 1700 
manganese, 1700 
nutnlion. 1690 
race and climate, 1694 
worry, €xcrase, hard work, 1700 
pathology and pathogenesis. ITQ9 
Mond-eberg s sdettKis, 1710 
true and false aneurysms m peripheral 
arteries, 1712 

signs and symptoms m cxtremiues, 1700 
absence of edema, 1702 
atrophy of 
muscles. 1701 
skin and nails, 1701 
coldness of hand or fool, 1702 
delayed senous filling time, 1701 
fatigue and weakness, 1702 
gangrene. 1704 

numbness or formiouon. 1702 
pain of iniermittcnt claudication, 1705 
pains at night m olf and thigh muscles, 
1704 

pallor on dcsiuon and rubor followed 
by cyanosis on dependenq, 1701 
rest pains in feet, 1704 
tortuous arteries, 1702 
ulcers, 1701 

speoal examinaucns, 1705 
artenography, 1707 
hisiamme flare icsu, 1703 
measured work tests, 1709 
osallomelriC readings, 1705 
reflex sasodilaialion tests, 1706 
surface temperature studies 1706 
\ra}5, 1707 
treatment, 1713 
alcohol, 1715 
anuseptics. 1721 
baths, 1716 
contrast baths 1716 
heat. 1717 
sitz baths, 1716 
soaks. 1717 
whirlpool baths. 1717 
excrase, 171-1 

intermiiicnt senous hyperemia, 1722 
position, 1713 

pressure-sticUon liooi trcaiineni. 1719 
rest. 1713 


Attcriosclerosis obliterans, 
treatment (continued) 
saline and ocher solutions intraicnously, 
1722 

Saunder's osallaung bed, 1721 
surgical aspccu, 1724 
amputation, 1725 
tissue extracts, 1716 
tobacco, liH 
vasodilating drugs, 1723 
Artenosderosis, pulmonary, m etiology of 
chronic pulmonary heart disease 225 
Aricnovcnous aneuqsm, congenital, 1754 
Aricnovenous Gsiula, acquired, 1676 
diagnosis, 1677 
euology and physiology, 1676 
treatment, 1679 

\rterioicnous shunt, lesions of 26 
/\ncntis, temporal. 1631 
Aschoff bodies, 46 
Asthenia, neurocirculatory 4, 12 201 
physical therapy m. 1318 
Asthma, bronchial, in eiiulogv of chrome 
pulmonary heart disease 224 
Asthma, orduc 1113 
total tiiyroidcctomy in 1256 
.^yiiclironous action of two venirides. 795 
Atheroma and sclerosis of coronary vessels as 
cause of coronary disease 4 
Atheroma, x ray diagnosis 704 
Vtbletes heart, 5 

Aticsia ol pulmonary, tricuspid aoriic and 
mural \ahes. IS 

Atriosepul defect, \ ray diagnosis 707 
AinoientricuUr conduction Ume prolonga 
tion of, av sign of carditis in iheu 
mattsm, 52, 59 
Atrioventricular node, 723 
Atrophy of heart. 6 
\uopine 

in arate pulmonary heart disease 221 
in heart block. 791 
Auricle, double left. 23 
Auncle, left, x ray visualiution, 696 
Auricle, right, \ ray visualization. 693 
Auricular and ventricular septa, absence uf. 
29 

Auricular complex. 556 
abnormalities of, 562 

Auricular contraction, heart sounds associaicd 
with, 547 
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IV 

Auncubr cxtrasjsiolcs, 63G 
Auricular ribnllation, 10, 69, 269, Q13, 
diagnosis 781 
cuolog), 783 

in coronary artery disease, 395 
m hjperihjToidism, 181 
m mitral stenosis, 36S 
pathogenesis. 783 
patliolo^y, 783 
prognosis, 734 

s)inptoros and complications, 763 
treatment. 786 

Auricular nbrillation and flutter caused by 
digitalis, 1139 

Aunculor flutter. 10, 271, 611, 775 
Auricular (P) s>avo, loucritig. flattening, or 
jnsersjon of. 9 
Aiinailar septal defect, 7 
Auricular sound, double, 5)7 
Auricular sundstill, CIG 
Auricular weakness or failure, 12 
Auriculoscntricular block, li, 783 
Aunculosentricular cusps, anonaha of, U 
Auriculoscntrieular heart block, 6)6 
Attriculotentricular nodal esape, 9 
Aunculosentricular nodal rli)d]m. 10, 619 
Aunculosentricular rh}Uus. 754 
diagnosis, 756 
prognosis, 756 
therapy, 756 

Auscultation of heart, 476 
Auscultatory phenomena of 500 supposedly 
normal hearts, table, 480 
Austin Flint murmur, 563 
,\utogcnous sacaiic in bacterial cndoardiiis, 
133 

A V bloa. 643 

A V heart block caused b> digitalis, IJ39 
Avitaminosis, electrocardiogram m, csS 
A V node, escape of pacemaler, JO 
V V rhytlira, 751 

A V rh)ihm and VV dissoaaiion caused by 
digitalis, 1137 
Axis deviation 621 
abnormal clcctnol, II 
left axis deviation, C2t 
right axis deviation 623 
Ayeru s disease. 226, 1553 

B 

‘ Back pressure" as cause of congexine bcari 
failure, 1061 


Baaenal endocarditis, 123 
Bacterial infection as cause of heart disease, 2 
Bacteriology of rheumatic fever, 87 
Barometric pressure. clTcct on blood pressure, 
1337 

Basophilism, pituitary, 2a3 
Baths m treatment of artcnosdcrosis ob- 
literans, 1716 

Haaata formuh, cslculaiton ol electrical 
S) stole b), CIl 
Beaked T uaves. 628 
Beck operation, results of, 1180 
Beriberi and the heart. 1239 
chemical changes 1264 
differeiiiial diagnosis, 1266 
electrocardiographic diangcs 1263 
hemodynanius of arculaiion. i2DS 
morphological changes, 1264 
orgaoic heart disease and beriberi, 1267 
pathogenesis. 1261 
rc4e of aladiol, 1265 
symptoms and signs, 1260 
ireauaent. )2G$ 
physical therapy. 1317 
Bcribai as qusc of ardiac pathology, 5 
Deu oieth}] choline m auricular flutter, 613 
Bicuspid aorue valve, 23 
Bicuspid pulmorury valve, 24 
Biloculaie hcait, 7 

Bismuih arsphenamine sulfonate in cardio- 
vascubr syphilis, 169 
Bismuilt in cardiovascular syphilis, 171 
Bismuth subnitraie in hypertension, 1462 
Blood changK m rhcumauc fever, IM 
Blood pressure effect of hydrotherapy on, 
1303 

Blood pressure, high. 1413 
Blood pressure, loff, H9S 
Blood pressure, normal, and its physiologic 
variations, 1320 
cold pressor lest, 1333 
normal blood pressure 1339 
desirability of using the mode and not 
d>e mean. 1310 

disoirdancc in results reported bv dilfcr 
eiit observers, 1339 
influence of age. 1341 
range of normal, 1345 
sex. 1345 

physiologic variaiioas in normal, 1329 
alcohol, 1334 
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DIoud preuuTC normal. 
ph)siologic wnationt (caiKiuued) 
baroincinc pressure 1337 
boci) build, 133 j 
cJimaie and teinpcnin/e 133n 
constipacion, J331 
diftcrcnccs m llic two inns 1333 
diurnal sariatians 1S30 
emotions 1331 
height and surface area 133G 
meals 1333 

inensirujLion and pregnane) 1351 

muscular cfTorl 1333 

position of arm 1331 

posture I3i!l 

slcqr 1330 

tobacco 1335 

nciglit 133 j 

jtandarditatfun of detcmiinatiods 1322 
blood pressuie equipment 1322 
dctcnniiiation of diastolic and pulse pres 
surcs 1323 

determination of t]siotic picssure 1323 
patient 1322 

posiiicin and mcUioJ of application 
of aiff 1323 
of stethoscope 1323 

sigmricance of palpaior) and ausculta 
tory Icscls 1323 

flfood sugar and fi)potcnsion (517 
bine disease I-l 

body builil dfcct on blued pressure I53j 
Body fluids factors in norin-il dmnbnlion 
of 1707 

Bod) s eight and 1 mid and lou iricrial 
pressure 15II 

Brad)tardia siniMuridibr 0 
Bradjcaidia sintis (simple) G3j 739 
Branlnms brad)cardn pticnuincnuu 1C77 
Bromides in h)pciiensiun IlGl 
Broiuiiial asthma in etiology of cliroiiic pul 
itiunar) herrt disease 221 
Buergers disease 1579 
Bullet uouiids of heart 1153 
Bundle brandi I kxk ] 1 5Ga 589 79a 
left as cause of left jMs dcsiatinn r2f 
right as cause of light axis dcsMCioti 6Z> 

c 

Cactxl)l3te in bacterial cndocatditis 133 
Cilciricaiion of heart 6 


Calafication of pericardium 7 
protodiastolic licart wiin 1 is-axmcd uuh 
538 

Calaricauons of heart and gicat scsscls x raj 
tisujiuscion COS 
Orpilfary arculalioii 1350 
anatomy and phyxiulog) 1350 
hormone regulation 1353 
local regulaiiun by subsunccs funned ui 
tissues I3a2 

ncrstnis regulation I3i2 
capillaries in disease 1301 
clinical importance 1350 
mciliods of clinical study 13jl 
capillary fragility 1300 
Rumpel Leede lest I SCO 
<a{M>}ary pcnnc-ibilm ISCl 
capillary pressure ISas 
icdinic tl ilcicrm naiion 13 >4 
visualization 1351 
Capiliaiy fragility 1300 
Capillary pcmicabiht) 1301 
Capillary pressure 1355 
Capillary pulse m aortic inMifTiiuius 3*0 
Capillary sclerosis lajJ 
Carlson dioxide mineral bath ]30(> 

Cardiac abnurmaliiics runginuat II 
Cardiac aneurysm 0 
x ray diagnosis 708 
Carduc asthma Sd 1113 
in coronary artery disease trt nmcni 101 
total thyroidectomy in 1230 
Cartliac diet 1093 
Cudnc dyspnea paroxysmal 1(12 
Cardiac edema 1797 
Cardiac r/liuency faulty 12 
Cardiac ciilar„cincnt cvinns i u 'ses 70H 
Cardiac failiiie 32') 
acute 1002 

Cardiac hypettrci h> nii 1 diUtaiu n 3-9 
ctuuljiory failure 3^ 
diagnosis 331 

ins{»cttion and jratpaiKn 331 
percussion 333 
elccirucaidiugia|)liy 339 
funciioiul evaluation and (ijc.,riuiis 313 
paiiuhgy mcdiaiiism and (level* pmnii 
330 

tadiult„y SIS 
tieatineiii ijj 
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Canliac iii indiutry. 1018 
iraimng in sheltered ttorkshops, 10^7 
\ocational possibilities for heart patients, 
1051 

Cardiac InsulTicienc), senuus pressure in, 1376 
Cardiac neuroses, 5, 19(5 
Cardiac oimtrain, pnraar), 2S{ 

Cardiac pain, clinical associations ol. 431 
Cardiac patient as a surgical or obstetrical 
nsk, 492 

obstetrical comiderations 501 
care of heart in pregnane), 502 
c/Tect of pngnancy on norma) bean 50) 
surgical considerations, 492 
dilTcrcntut dugnosis, 492 
estimation of surgical risk. I9G 
prognosis versus surgical nsk, 495 
signiricance of s)niptoiiis, 495 
Cardiac rate during normil sinus ih)Uiin, 
mfliicnce of digitalis on. 1137 
Cardiac rupture, 7 
Cardiac standsuli, 635 

Cardiac s)niptoms of arterial ti^pcriciisioii, 
1136 

Cardiac Uinponade, 305 
Cardiac trauma, 268 
Cardiac salves, operations on 1 162 
Cardiorespiratory murmurs 181 
Cardiovascular ability 12 
Cardiovascular cfTicicnc). fatiliv 12 
Catdiovasailar s)phiiis, 138 
Cardiovascular s)strni and IniKJtenvion 1513 
Carditis, thcumacic. 43 
signs and s>mploms 52 
ireaimcni 71 

Carotid sinus pressure effects of 612 
Carotid sinus svnoipe electrocardiogram in 
6Si 

Case reports 

adate and recurrent bundle branch block 
and aaiie rheumatic cardms, 796 
ancur)$m filling upper mcdiaslinum, 156 
ancur)sm in sinus of Valsalva 153 
ancuiysm of asccmhng aorta and aortic 
ardi 151 

anginal aiucks cured by subtotal tlijroidcc 
tomy 407 

angina pectoris traumatic 276 
angina sjiidromc pcrniaotis anemia as 
precipitating agent 212 
aortic invoUcinent carl) in svpiiilis 139 


Case reporu (continued) 
aortic, nnital, and inonpid valvular dis 
ease. 369 

aortic stenosis, 378 
arteriovenous fistula, 1677 
asymmetry in blood pressure due to s)ph 
ibtrc aneurysm, 1417 
aunoilar hbnllatioii, 2C9, 270 
high grade, iliat vias ovcrdigiialited, 785 
auricular Duucr and AV heart block 
caused by digitalis, 1139 
auricular Qtilter diangctl to fibrillation by 
digiuliution, 777 

auricular lluitcr iliai rnpoiulcd directly to 
ciinindine therapy, 779 
aiinoitoventncular rbyilim follouiug pain 
less coronary Unumbusis and myo 
cardial infarction, 755 
avoidance of surgery in a cardiac ptiieni, 
496 

bradycardia of cntinhal yaundicc, 742 
Cappclciis oie of surgery ul heart, 1145 
cardiac contusion, 1163 
cardiac dilatation, acute, and congestive 
failure assooated with polynciirms, 
1287 

ardiac edema, 1822 

cardiac sundsiill as cause of death from 
quiudinc, 1225 

tardiovascuhr syphilis uiih aneurysm uf 
ascending aoru, 13 

carditis as die oidy manifesiation of rheu 
matic lexer, 69 

carotid sinus nillapsc or $0 called vagus 
fainting, 743 

caioiid sinus episodes resulting from reflex 
inhibition of Iicart, 746 
cervical rib causing asymniciry in blood 
pressure. 1116 

cAofcfuAmis iwifi syioptums rcscmOOiig 
coronary disease, 454 

cliroiiic constrictive pcricardiiis, dcatli after 
oi>mtion, 326 

dironic constrictive pericarditis, successful 
result of operation in a severely 
(Tippled child, 319 

cliroiiic constrictive pericarditis successful 
result oE operation in a young man 
with modcnlc imolvcmciit, 320 
chrome constrictive pcncaidiiis siiaessful 
result from two nsky operatiniis in 
a seriously crippled mitUllc aged man. 
322 
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Cave iqwru (conltnued) 
congcstnc failure of circulai on awl polj 
ncuruiv improvement after tlier 
apy, 12"8 

congesUve failure of arcuhtton cardiac 
aiihma {>o)}))cunlu and m>hl [»} 
dioviv improienicnl on high vitamiu 
diet and continuous high alcohol 
intaVe 1288 

congestive failure of circulation poljncut 
itis and KnrsaVolft ps)chosi$ im 
provcnieiu on vaumm B] 1273 
congestive failure of drculalion severe 
mild pellagra and ]xil)neuiitu and 
fatal cirnihtor) coUap c 1270 
congestive failure of circulation the only 
vnarvvlesvaVvvMv wvaTOviv dt&titnt> 
12S1 

coronary diteasc and cholel (htaus 4'j 
dronary heart disease IS 
coronary iiuitflicicncy shoeing v due <f 
anoxemia test 410 

coronary iiuulTcicncy sudden death t«iili 
previous negative plivsial exaroina 
nun and clcctrocar hugraphic find 
mgs -tSS 

digitalis higcminy fullouing diuies s 7C7 
digitalis incdKaiioit cltccu of sni patient 
vtitl) severe heart disease and cardiac 
decompeiisaiian 1013 

digitalis mediation effcas of uiUt five 
different preparaiionf 1010 
effects of digital s on race rti)thm and 
mcdianisni of heart 1137 
cni]>liyscina of mediastinum •|K>niancoui 


Case reports (eonltnued) 
heart block wiib Vdams 5tol«.cs ittJcXs re 
licvcd l)j atropine and cphedrinc 
79f 

heart disease congenital with teuology of 
Fallot 13 

hspettcavion and anemia HC9 
hypcrtenvion and nephritis low salt diet 
1819 

hypertension bismuth subnttratc therapy 
I4C3 

hypertension dangers of tluocyanatc tlicr 
apv 1 163 

hypertension diagnostic piobicms 1-lfl 
hypeitension in luced by psvdiogcnic fac 
sojv Hife 

hvpcrteiision in pregnancy IIP> 
lisperiension jrnranon from a foens of w 
fcciion as contributors cause 
hypcricns on prove Led I v d ronic plumb 
urn oral sepsis and antn la UoG 
hypertension riiial fiincti n tests in tih 
hyyscTtension ibenpv based on cliologs 
cholccvsiitis and incdulhrv tumor of 
adrenal N27 

hypertension therapy baw 1 on etiology 
chronic plumbtsm anemn oval sep 
SIS and sccondarv chrome renal 
impairment I42a 

hypertension ihcrajiy based on etiology 
dtronic postsarlel fever nephritis 
I reexiuent hj'pcrtcnsne disease ex 
acerbated by pregnanev anemia 
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Case reports (continued) 
hypotension, physiotherapy in laSb 
irritable normal heart 13 
Ij-jnphcdcma, primary. 1013 
lymphedema, secondary, inRammatory. 1621 
myocardial injury, 277, 278 
nephritic edema. 1819 
nephrotic edema, 1S20 
obesity, hypcrtcnsisc arteriolar disease uitli 
myocardial weakness and pulsus al 
cernans or alternation, 800 
painful attacks resembling anginal par 
oxysms without signs of organic 
cardiac or sasculor disease. 133 
paroxysmal auricuhr fibrillation rcspoiul 
mg to quinidinc 781 

paroxysmal auricular tacliycardn with 
syncopal attacks controlled by t>$y 
choilicrapy and potassium iodide 768 
paroxysmal seniricular udiycardia, elec 
trocardtogram 772 
periarteritis nodosa 1573 
physiological reaction produced by appro 
bcnsion, 1 107 

pneumococcal endocarditis misiakeii for 
empyema, 131 

primary cardiac oserstrain 282 
purulent pcriordiiis, 1167 
qinmdmc in an ddturVy patiern kW 
quinidine in auricubr fibrillation 1198 
rapid heart action of asthmatic bronchitis 
and adrenalin administration, 733 
restoration of normal sinus rhythm in 
chronic auricular fibrillation by use 
of quinidinc, 1203 

rheumatic fever, acute fulminating 51 
rheumatic feicr, erythema as ilic only 
manifestation 106 
rheumatic heart disease, 13 
cJuonic active, 55 
persistently inactive, 58 
recurring 57 

rupture of left sentricle, 276 
shock from dehydration H02 
shock from hcmorrliage from an inflamed 
bowel, 1403 
sinos arrhythmia 750 

sinus bradycardia and attacks of fainting 
due to svnoauncular siatulslill result 
ing from hypcrirntable carotid sinus 
reflex, 744 
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Sinus bradycardia of incicased iniratramal 
pressure, 741 

syphilitic myocirdilis, 137 
tachycardia of ncurovascutar asthenia, 732 
tachycardia, psychogenic 731 
temporal aiterilis, 16S1 
thromboangiitis obliteraiu and bone 
atrophy, 1597 

thromboangiitis obliterans and thrombosis 
of carotid artery, 1600 
tliromboangjitis obliterans of coronary ar- 
teries, 1596 

thromboangiitis obliterans of digital and 
palmar arteries 1596 

thromboangiitis oblitcram of supciior labial 
coronary arteries, 1599 
toul thyTOidcctomy m 
angina pectoris, 1244, 1250 
chroQic heart disease, 1246 
paroxysmal dyspnea, 1247 
rbcumatic heart disease, mitral stenosis 
and regurgitation, and auricular 
fibrillation, 1249 

toxic lachyardia of hypertliyTOKhsni with 
myocardial damage, 733 
traumatic valvular disease, 273, 274 
two to one heart block relieved b) atropine, 

m 

venous pressure in syphilitic aoriilis. 1573 
Cavernous angioma. 1733 
Cerebral aneurysm, 1686 
C factor 18 

Chcmica! iliiombophlcbius 1652 
Cbeync Stokes respiration in left vcnincular 
failure 351 

Cliiari network of, 22 
Chloride metabolism and arterial pressure 
1519 

Cholcstcnd arteriosclerosis, 1554 
Chordae, anomalous, 22 
Chorea and rheumatic fever. 107 
Cliorea, Sydenham s, as cause of heart dis 
case, 2 

Cbromaflin cell tumors, benign, of supra 
renals, 267b 
Circulatory failure, 3a0 
Circulatory function, studies of, in chronic 
pulmonary heart disease 230 
Circulatory measuremcnis, abnormal in 
chronic pulmonary heart disease, 230 
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Circulalory rate ilclcnninatioii ibl 
Dreus moxement 10 6S9 
Cirsoid anciir)-sm 1753 
Claqucmcnl meso s)sloli(jue plctirojicricar 
dialc 52 j 

Chssification of canine eases 1031 
Claudicaiion pnm of intcrmittcnl 1703 
Click mids>siolic 52( 

Click s)-siolic 4*50 
Ctimaie and h>|>o(cnsion 1^20 
Qimatc effect on I lood pressure 1536 
Qubtim;; of rin;;crs in cyanotic jpoup of con 
gcninl catdiic abnuritialXics 30 
Qiibbing of fiRcr ii| s as ssitipions of bac 
tcrial crulocarditis 129 
Coarcution of aorta 14 
adult t>pe 2S 

X ri) diagnosis "00 

Cod liter oil in excess as came of injury to 
heart 5 

Cocnr cn safx)t 707 
Cold pressor test 1333 1432 
Colds aintc anf lijTMtension 1 j 27 
Coinmoti arterial trunk 7 
Cbmpcnvitinn amf trauma of lie-art 285 
Compensatory jume 175 
Complete heart block 702 
Compicssion of heart llfS 
acute tiompresiion triad 1150 
eSironic compretjiion triad I !a2 
rfll<> in ii<;is 


Congesinc failure 12 
m rheumatic feser 113 
total ihjroidccioiny i > 1231 
Congestive heart failure 23G 112 1060 
capillancs in 13r2 
oomplicaiions and scijiiclac lOGj 
differential ebagnosis IOGj 
paihogcncsit and mcclianism 1000 
prognosis 10C6 
sjmpioms and signs 1063 
therapy 1007 
aftercare 1103 
aim of trcitmeni 10C7 
dthatt cs and laxatives 1097 
d ct 10D2 
digitalis lO'l 
admimsiraiinn of lOiS 

by routes other than ii nh lOs'’ 
nd ent ow for d s nlis il ciapv 10i6 
other drugs of dig iitis stt cs IDS'* 
(hcrajcutic action 10 ” 
toxic eflctts 10 I 

drainage < f siibrut iicu i erl a 1100 
drugs Ollier that digitvlis lOSl 
diureiic* lOs? 
pamccnlois 1)00 
prejcniHii JDO 
psjelioilicrap) IHO 
rest IOCS 

sedatives and hvpmmcs 1 > 0 
siirprrs )I01 
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Coninary attcry diveasc 
anguia pcctons (ronlmued) 
prognosis 412 
»)inptoms 40^ 
treatment 413 
surgical trcainient IIS 
coronary ckxIusiois 41C 
diagnmu 423 
diircTcntial diagnosis 421 
S)m|)ioms 413 

electrocardiographic findings 42l 
ph)sial findings 120 

icinpcratuie and Iculoc)ie count 421 
cotonaty thiumlsoMi 421 
prognosis 121 
treatment 120 
diagnosis 397 

electrocardiographic Ondings 3'V» 
paihulog) 389 
prognosis SOS 
tnnptoms 393 
treatment 393 

Coronary artny disease ph)si<al therapy in 
1317 

Coronary aricr) occlusion 4IS 
eompliating syphilitic aointis 159 
Coronary artery sclerosis sascutaturd grafts 
for. 1179 

Coronary disease (including angina yiectons) 
4tS 

etiologv 418 
ireatmeni 458 
Coronary InsulEcicncy 12 
Coronary msuITaciic) diagnosis 451 
anoxemia test 433 

clinical assoaations of cardiac pain 431 
cungestise heart failure 442 
cnteria iiidiaiing abnormal ckctrocaidio 
graphic response 439 
diagnosis 452 
Signs 433 
symptoniJ 432 
ditfcrential diagnosu 436 
Coronary occlusion 591 C.i9 
X ray diagnosis 703 

Coronary sclerosis ligatn a of coionary scins 
for llbO 

Coronary tlircimlKBis physical ihcnpy in 1317 
Coronary sexsels disease of 7 
Cor piiliiionalc 
acuic 3 215 
chronic 4 221 
elcarocardiography in C/7 
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Corrigan (u-aierhainmer) pulse m aoriic in 
siiHicicncy 375 

Cortical lumorr and hyjierplasia of supra 
renab, 2l/7a 
Cor tnlociilarc 15 
Coicd T n-ases 627 
Cruncli sterna! 4&0 
Cmhings syndrome 258 
Cyanopaihu 14 
Cyanose tardive 15 
Cyanosis congenita! 14 
pathogenesis 18 

Cyanosis retinae in congenital cardiac abnor 
maliiies 39 

Cyanotic group of coiigcnital carduc abnor 
malilics, 15 23 
symptomatology 50 
Cylindrutia and rheumatic fever II7 
Cystic necrosis medial 4 

D 

DeCaenc) diseases and the heart 12 j 2 
bertlioi 12a9 
clicmlal changes 1261 
diSetcniial diagnosis 1266 
clcciroaidiognphic changes 1263 
hmodynamics of arculatiun 1263 
moryihologial dianges 1264 
organic heart disea.se and henfien tSST 
paUiogriiois 1264 
r !c of alcohol 1265 
sympioins an I signs 1260 
Ircaiincnl 1263 

goicral undcinuinui ii and inaiui on I2a4 
|>cniiaous anemia deficiency of certain 
nuirilioiul factors in 1257 
stun-y 1291 

natcr and salt dcHaency I2./6 
/>efictcncy diseases as cause of heart disease 5 
Delirium cord s 7b0 

Dsptopancx m aricriosUcrosis obliicrans 1713 
Dcsoesccnt arteriosclcnisis of senescence 1 j 62 
Dextrocardia 6 
oongcniul 15 20 
as cause of right axis dcsutioR 626 
Dcxlrocanliogram 579 
Dextrovervio cordis 20 
D faaw 18 

Diabetes and arteriosclerwis lo57 
Diabcttsinclliltis 267c 
and hrpotension 1530 
Dial etic andOMS. clectn card ogram in 677 
Diet m ihcuinatic I cart disease "3 7o 
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Diet, relation to arteriosclerosis I5!>6 
Digrtalinc. 1009 
Digitalis 
cflects on 

electrocardiogram, 1130 

electrocardiogram ofprecordul leads, ) 142 
diangcs m R S T m assoaatton with 
large initial doitnHard deflection 
1143 

deviation of R S T in association vnih 
small or absent initial downsvard 
clencction. 1143 

1* ifaic of electrocardiogram, 1136 

rate, rhythm, and mechanism of heart 
1137 

auricular fibnllation and flutter, 1139 
A V heart blocV, 1139 
A V rhythm and A V djssoaaiioii. 1137 
exirasystolic disturbances, IHO 
influence on cardiac rale during normal 
sinus rhythm, 1137 
vcnlnailar parovysmal uchycardia, 
1140 

T wave and ST segment of elcctroar 
diagram, 1130 

T waves and S-T segments of normal 
hearu, 1131 

T waves of badly diseased hearu, 1131 
Digitalis 

Ja arrgnra pecicni. 415 
in auricular fibrillation, 645 
in auricular flutter, 642 
III cardiac enlargement, 355 
in dironic pulmonary heart disease, 231 
in congesuie heart failure 1071 
in coronary aricry disease, 402 
in coronary thrombosis 426 
m parovysnial tadiycardia, 771 
m rheumatic heart disease 73 
Digitalis, dosage, 1079 

Digitilu preparations, dinical cflicicy of, 1001 
choice ot prcp3iaiion. 1007 
indications, 1001 
mcihod of adininislraiion, 100-1 
method of evaluation, 1011 
Digitalis, toxic clfccu, 1074 
Djgoxii), JOIO 

Dilatation and hy|>crtropliy of heart In ft}7>cr- 
thyroidism, 1S5 
Dilatation of heart, 6, 329 
Diphisic T waves, 027 


Diphtheria as cause of myocardial aecrcisM, 2 
Diphtheria, clcorocardiograin in, 682 
Diuresis, spontaneous. 1808 
Diuretics in chronic pulmonary heart dis 
case, 23 1 

Double auricular sound, 547 
Double left auricle. 23 
Ductui arteriosus, 15 
pitcnt, 28 

Ductus arteriosus, patent, ligation of. 38 1174 
operatise procedure 1176 
resulu after ligation, 1177 
sdcaion of patients 1275 
Duroriczs sign in aortic insufficiency 376 
Dwatiism pituitary 257 
Dyspnea acute paroxysmal cardiac, 1113 
Dyspnea in qanotic group of congeniial 
cardiac abnormalities 30 
Dyspnea paroxysmal at symptom of cardio 
vascular syphilis 147 
Dyspnea paroxysmal cardiac 1112 
Dyspnea, paroxysmal toul ilnroidectnmy in 
1235 

E 

Lciopu cordis, 6 20 
abdominalis. 14 
Ectopic auricular rliyihius I) 

Ectopic regular rhythms, 753 
Cctopics. 766 

Ldc^hls operation of renal dinpsulaiion 
for essential hypertension ^<0 
Edema of extremities due to Ivniphcdcrna, 
ICIC 

Edcina pathogenesis and ireaimcm of, 1796 
factors in normal distribution of IxKly 
fluids, 1797 

factors in pathogenesis of ctleina IBOO 
capillary pressure 1801 
disimbed tiincrvation 1807 
fluid intake, 1607 
ficat. 1807 

hypruicincmia and reduced tullmd os 
inotic pressure of blood plisiija 1802 
lymphatic drainage. 1805 
pcnncabiliiy of capittaiy wall lt4)S 
sodium chlornk iiiiakr, 1806 
tissue pressure 1803 
treatment, 1816 

cirtliic cilcma. addnioiut measuics, 1817 
diuicitc drugs 1813 
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H\atmciu (continued) 
general nicasiiriH;. IfilO 

dice, 1812 

rcMnciion o{ lali inlalc. 1811 
rcsinction of uaier iiuake, 1811 
iicpliroitcnlcma, additional mearurc$,l8IG 
vlcatioui climmaiion of vaier. 1818 
hlaiia, yiilxiitaiicfiiH, drainage of. in con 
g«tuc licatt failure, 1100 
Eincuragc. 1301 
Efion j)iulrumc, 4, 12, 201 
FiHthoicii I lau and triangle, 507 
l^ntlioicin sector. 573 
EJecjncal axi*. C21 

IJettrocaidiograra. effetu of digitalis on. 1130 
IJctinKardiogram, fonn of, 533 
angina |)ectotii, 5M 
aoiinilar comjdcT. aimonnaliiics of. 562 
liMiuIle liranUi blotl.. 5S0 
coeonary occlusion. 591 
dexirocitdiogratn and Icsocardiograio. 579 
titilhuscns law and triangle. 567 
normal elcctrucanliogiam, 555 
litecordul and csopliagml leads, 571 
preponderance 531 
P k inictfial 502 

Q Rds dcUrciions atmorinalty targe or 
sttiaff noit/iing of <{ K S 59f 
Q k S intcrsal 563 
T deflection 592 
Electrocardingraphic dianges 
in acute glonicruluiiejiliiitis, 210 
In acute iKncanlitis 203 
In angina jKclori* ^I0 
in iKrilicn 1263 
in cardiac contusion 1162 
In caidiac hs2>ertropIiv ind dilatation, 339 
in diroiiic conslriiusc i>criardilis. 311 
in coronary nricry disease, 396 
in coronary (nsuilicicncy. ^33 
in cor pulmonale 677 
in hyperparathyroidism 261 
in hypoparailiyroidLun, 2G0 
in hypotliyroidism, 266 
ill left scnirioilar failure 1113 
in pulmonary cmlwlism, 677 
in rheumatic fever. 116 
Electi-cKardiographtc findings 
in dironic pulmonary heart dUcrisc. 229 , 
m coronary ocdusion. ■121 
in rheumatic heart disease 59 


El«Uocardlogrjphy. 602 
abnonnalilies and variations of individual 
waves III limb leads and certain 
time intervals, 613 

abnotmalilics of P R interval 615, 615 
abnormalities of Q R S complexes, 616 
abnormalities m amplitude. 617 
inacascd amplitude. 617 
low ampliliidc. CIS 
alternauon in amplitude. 620 
prominent Q waves. 616 
slurring and notdiing, 620 
wiilcning 620 

abnoniialiiies' of Q T interval, 026 
abnormalities of 1 wave, 626 
diphasic 1 waves. 627 
imenctl I waves, 627 
coved r waves, 627 
notching of F waves, 027 
vaziaiions in ampliiude, 626 
deviation of $ T segment, 623 
electrical axis, 621 

vignincancc of deep S waves in Lead II 
with left axis devivlioti, 6^ 

U vvaves, C29 

anbythmias, 632 

auricular disturbances dependent on a 
auvis movement, 639 
juiioilar fibnllation CIS 
drugs ui. 613 
auricular flutter, 611 
urcus movement 639 
auncular cxirasyvlolcs, CSC 
auricular paroxysmal ladiycardia, 638 
auricular staiiilslill, 616 
auncidovcntncular nodal rhythm, 619 
W nodal extrasyiolcs and nodal 
paioxysmal uchycardia. 632 
ventricular cscipc. 6)2 
dasviricaiion 633 
intraaunaihr hlocl.. 616 
normal mcchanisni, 632 
prolonged sinus pulses (cardiac stand 
still) . 635 

pulsus allcmans. 653 
sinoaiuicular heart blocL, 633 
sinus arrhythmia. 633 
vsniriciilar cxtrasysiolcs, 633 
vcntriailar fibrillation 653 
vCTvtricular paroxysmal tadiycatdia. 6^6 
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actu-ocaidjograph) {cottUnued) 
coronary occlusion 6 j 9 
physiological consideiaiions CCO 
clecirocardiogram in 
acidosis (nuiuliahctic) C7S 
alkalosis GTS 
anemia GSJ 
asitaminosis, GS3 
cardiac syncope 6S4 
congcniul cardiac ahnomaltcicr 34 
diabetic acidosis C77 
diphibcria GS2 
hypercalcemia, 679 
hypCMcnsion 632 
hypenhyTDidtsin G79 
hypacalcetnia, 67S 
h}jpog^}caaia 07B 
hypothyroidism and myxedema G79 
nephritis acute 681 
pneumonia G81 
rheumatic feser 680 
sarlei (c\cr G81 
uremia C82 

insirumcnt and method 603 
leads 603 
nomenclature, 605 
technic G04 

myocardial infarction 662 
anterior myocardial infarction 662 
icute stage (stage of R 7" desiafionj 
663 

ciironic stage (stage of permanent 
change m Q R-S-T oiniplcx) . 66a 


Electrocardiography, 
normal clctirocaidiogiani (fonlinued) 

<JT mtcrsal 610 

relation of semricular cr>mp]cxa in 
three indirect leads 610 
pencarditis acute 67^ 
prcoirdial leads 6S0 
ahaormahtics 6St 
normal prtcordial leads 630 
pulmonary Dnitofism and tur pulmonale 
677 

rGl« of clecitoanliogram in cardiac dUj, 
nosis C02 
limitations 603 

EIrphanti ISIS nostras stiryitogcncs 1620 
Embulistn 8 

Embolism inii ihnmtiosis if attend of cx 
tremities suddtn 163 
course of cicnis in <UtlJcn aKchal oedu 
Moii 16-13 
diagnosis 1611 
cuologs 1632 

imhoiogic changes folio iig mbolmn 
I»3 

prognosii 161 > 
sytopioins IG56 
intaprciaiion 1638 
treatment 1617 

Einoiiom cllict on blood pmsuic 1331 
EmpbyMvaa harl 222 
Emphssetna mediastinal heart sounds due 
to 5 to 

Endocardul di«easc 7 
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Erjlljc/awlgia {erjlhnj/ncJjfgia) of cxticmf- 
lies, ]G05 
diagiiosii, tCOS 
mcihods of iiuilj, 1G09 
nature of disiros. IC03 
pathologic plijMOtogy. 160G 
h>drostaiic pressure, IG07 
inacascd temperature of sLin IGOu 
suscqitiLle state of skin. 1C03 
\asoconstnction. 1G03 
s-asodilataiion. IC07 
treaimcni. 1613 

Er)thruc>tesc(Iimcmaiion rate, inucainl as a 
sign of cardiUi in iheumatism 62 
Ei^throltciranuratc m hj^Krtcimon. 1162 
Er)thromctaIgia of extremities 1603 
Esophageal leads, 37S 
Essential ii}pericns)on. 213. 1113 
cold pressor test In. 1339, 1132 
etiology, 233 
pathogcncsii. 217 
prognosis. 254 
treatment, ^ 

Lliologiai dassilialion of catdiosascular dis 
case, 1 

Eupascrine in acute pulmonary heart dis 
ease. 221 

Esening d)spnea. 1114 
Enart'i sign 293, 303 

Exautitiii process in electrocardiograph). 611 
Excrase in heart disease 1297 
Excrase toicnn<e in thenmatie feser, 112 
Exertional djspnra, 330 
Extraordiac anastomoses, 463 
Extrapolation, triple method of mcasuiing 
cardiac output 486 

Extra sounds assooatid with Ivcarllicat 
table 530 
Extrasystoles 760 
auricular, 636 
\ V nodal 632 
scnlncular 633 
Exuasystohe .arrhythmia 271 
Exirasysiolic disturbances caused by dipuhs, 
1140 

F 

Fallot, tetrology of 15. 24 28 
Familial tendency to rhcunulic feicr, 91 
Fatigability In rheumatic feier 112 
katiy heart, 5 
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Fetal myocanliiu as muse of congenital licirt 
disease, IS 
Fescr therapy 

III taciCTial ciidoardius 135 
in rheumatic heart disease. 78 
Ftbrillaiion and Sauer, sancatar, mtrseJ by 

digiuhs, 1139 

Filmllation. auricular, 10. 69, 209, 613. 780 
Fibnllalion, sctitiicubr, 11, 653 
Fibrosis of heart, 6 
Fust heart sound, 509 

FluoroKopy in congenital caidiac abiiorniali 
lies, 35 

Flutter, auricular, 10. 271, 611, 775 
Flutter ribnllatiun, 776 
Food, relation to artcrioscicrasis, 1556 
Foramen ©sale, patent. 15, 27 
Fomiicaiion in arteriwderosis obliterans, 1702 
Fonn of clcttrocardiogtara. 555 
Functional cbssirialion of paticnu niih or 
game heart disease, lOlS 
Functional disease of cardiosascular system, 9 

c 

Gallojs )h)thin 
and the llnrd heart sound 526 
in (liromc pulmonary heart disease, 223 
CaisanotDcicr, string. 601 
Gangrene 

m atlcnosdcrosis obliterans. 1701 
in Raynauds disease, 1736 
Casirointcstinal system m shock, 1388 
Ceniiounnai) sysion in shock, 1389 
Giganiism, 257 

Gloincrulontphritis, apillarics m, 1362 
Cltmicruloncphriiis, chionic, 24] 
GlomcruloneplintJS m bacterui cndocar 
slius. 127 

Glucose iniraii-iiously m congcstise hcatl 
failure, 1037 

Clycmuna, renal, and hypotcnsiuii, 1531 
Craliam Steel niunniir of pulmonic iiuufTi 
ocnc) 1S2 

Gummaia of heart muscle 146 

H 

Heart and dcGacncy diseases, 1252 
llcsirt and h)potci«ion, 1513 1515 
Heart and pericardium, surgtry of ff-fj 
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llcaxi M5un«i^ ^c<ml)nur<l) 

^JJiip rh^llirn ajjJ the t^tird hcari sotiruh 
52l> 

ihnicil ilurjcirmua, 533 
incihani«iii, 533 

pli)siolr>gial ihinl hcaii sound 536 
simuiMlioi) gallop ili)iliin. 330 
iniiIt>slolic cIkL, 3.^( 
opening »>up of mural sienuMt 511 
procodustfllic sound assuiiatcd ituli ola 
flcation o{ {sciicardiuiii. 538 
second heart suiind '22 
splitting q{ setuud sound 523 
semilunar opening duL, 541 
sounds aivsaaied uub auricular ouxrac 
lion 517 

sounds in nhuh air pla>s a part. 514 
prricirdul knock, 515 
souniU due (0 mediastinal cmph)scRia, 
516 

splashing sound. 543 
viatcr sshee! muiinur. 544 
s>iiohe gallop tliylhin. 330 
Ifearl. stseaal anatom) and ph)siolcg)r. 721 
Heat tn ueattnciu o( aticriasdaous oUU' 
erans, 1717 

Height and suifare area, eflcci on htood 
pressure. 1336 

Heniatogemc phlcliophlehtnt 1633 
Ifcmiiuru and rheumatic feser 117 
Hcmopcnardnim, 1161 
l{cmopt)Sis in mitral stenosis 365 
llqsarin 

m bacterial cndoarditis. 133 
m shock liOt 

us sudden arterial ocdiislon, 1643 
Heredity and arictuisdcicnis 1550 
Herpes roster, capdlancs in. 1363 
Hisiaminasc 
in erythcrmalgia. 1614 
in hi7>crtcn$ion 1462 
Histamine flare tests, 1703 
Histanocia. 1121 

Homiiropinc bromcth>latc (nos-atropinc) in 
heart block. 791 

Hookiiorni disease, anemia assoaaicd with, 
210 


llypctmsuhiusni. 267d 
tJ)l»erparaih)roidisni, 261 
ll)|scr(>oLisscniui in shock, 1302 
Jljperle/jsio/j as cause of cardiac lijpcj 
trophy, 3 

lI)pcrlension capillaries in, 1362 
if)Iicnc3ision, cIccirocardicgTani m, CS2 
lI)peTtcmion, essential, 215 
Hs|>cttcnsion in hypoihsroidisni, 265 
llypciiension, pulmonary, 213 
H)p«lcmion, roentgen ippcanncc of heart 
703 

ll)pcttensiic arterial disease, 213, 1413 
cardiac i)mpcums, 1436 
ODiisct|ucn(», 1131 
neurologic consctiucnccs 1433 
renal consequences, 1413 
renal concentration test, 1114 
diagnosis 1116 
disability, 1414 
etiology, 1422 
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inortaliiy and causes ct death, 1414 
palhogcTiesis. 1427 
sugo of h)pcricniiic disease. 1 132 
pathologic physiology, 1417 
control of arteriolar tone. 1420 
peripheral resistance, 1418 
rcsulis of aticiiolar constriction, 1420 
)>atholog). 1432 
prognosis 1448 
amyl nimic test, 1430 
psychic failors, 1438, 1474 
anouonal relations, 1489 
meaning of psychogenic, 1466 
methods of approach to piublcm. 1474 
methods of study, 1475 
plan of therapeutic procedure. 1493 
time clcnienl, 1480 
diet. 1485 

social climate and attitude 1482 
lymptoins, 1415 
Ireaimenl. 1453 

aid to iiuiie nutrition and rcipiration 
1467 

tlierapy directed against ctiologs 1464 
diet. 1437 
fluid intake. 1438 
lohacco, alcohol ind coffee 1458 


"H siilistancc." 1333 
Hydtoiliaapy, 1504 

HypcTcaltcmia, electrocardiogram in, 679 
nclernii!Mnl,mv,:JttmrrlcrUrcliimct.rrlnt,mni,ml,mabmfimnla to I oUm, Jl 



XMll 


INDEX 


Intrucmncular cuiuluciua defect complete 
793 

IiUKHluttion lo dukcasct of the ui fioiaMuUr 
5>»taii. 1 

Itt'cjtcd T ua\a ti27 
Iodides 

ill cardioxascular s)i)hilts 172 
tn l)>i)ciUi}i-Diditm 193 
ill temporal aricrKis ICdt 
ll^cac in paiux)smal iadi)caidu 771 
Itntabiliiy of heart 4 
ImiaUlc heart of loldim 201 
lichemic necrosis of heatt 0 


Ixft siMtrmilar fa luie {conlmue i\ 
therapj, in? 

left scntricuhr failure m guicral 1117 
paroxjsmal ardiac dyspnta 1U7 
treatraent bctuccn atiaiXs 1121 
treatment of attack 1118 
Left scntricular fadurc in coronary attery 
disease treatment 401 
Leukocyte count in chciimatic feser 114 
Lcsocardiogram 379 

tail bits disease anomalous dcsclopmcnl of 
capillary bed in cerebellar region in 
17C7 


J 

Joints in ihcunulic feser 102 
Junciiunai ihytlim 751 

K 

Kaicll diet 

in congcstise heart failure 1093 
modifiealioii of IOOj 

kidney ionsci|ucncvs of arterial hyiKttension 
1113 

Kidney loions m bacterul ciulocardiiis 127 
Kidneys cardiosascular system s>ith relation 
to 231 

congntise heart fadurc JX 
essential hspericnsion 2(3 1-113 
etiology 2j3 
pathogenesis 217 
progniMis 2 j 1 
treatment 2ai 

gloiiicriiloncphritii thioiiic 211 
nephritis acute 239 
Kissing tes oiu I2r> 

L 

Late cyanosis 13 
Ijirni jirmiisclcrosis 243 

Leads in tlcctrocurdiogriphs COj 
left nuncic double 23 
Uft scniiinilar failure and paroxysmal 
cardiac dyspnea 1112 
left scnincular failure 1112 
paroxysmal cardiac dyspnea aaiie 1113 
attack 1115 
incidence 1111 


Lipuiodine in carditn-ascxilar syphilis 172 
Liscr pulse 351 

LoqI inflammatory chrombopfdebft « IfhS 
Low arterial pressure 1498 
clinical grouping of eases laOS 
definition 1499 
etiology 1501 
madencx 1501 
In disease 1506 
in liealth 1504 

lour artaial ptcssuie from sbii dim nt of 
human constitution 1511 
anatomical and pathanaiomial panel 
1511 

age 151] 

body uciglil and build 1511 
cardiovascular sysinn 1513 
respiratory systm 1513 
sex 1511 

■niiniiiiological patlioinimum logical 
panel 1527 
acute colds 1527 
acute infectious diseases ]j 27 
chronic and fucal infections 1529 
diabetes 1530 
influctua 1527 
pneumonia 1527 
typfniis 1529 
trichinosis Ia28 
lulierc-idnsis 1 29 
typhoid fever 1 j 28 
physiological an 1 | aihophysiolngical 
panel laM 
blood 

anemia 1516 
pernicious anemia 151f 


prcapiialing factors 1115 blood sugar 151/ 

prognosis 1116 chloride metabol sm 1519 

Reference numlers under 900 refer ta I oluouf I refereneenninl enal otelOOOreferlol olui ell 



INDEX 


Low ancrui pressure 
from sianrtpoiiit of human comtiiuiiun 
ph)S(ologccal and pac]to(ih)$EologicaI 
pane) {cantiNUti]) 
climate, 1526 
cjJtlocrines 1520 
heart 1515 
nci\ous s}sicm 1516 
occupation 1526 

oxygen and capillary arculaiion ISl-l 
posture 1521 
race 1525 

respiratory system 1514 
sleep 1524 

physiological considerations 1500 
adapiahifity of(btcc% fit cirrulhuon t <Xf 
energy index 1501 
present Status H98 
prognosis 1533 
symptoms 1507 

theories of causation of hypotension la31 
glucose the fuel of life 1532 
treatment 1536 
general treatment la37 
Luetic aorutis x ray diagnosis 70) 
Lymphangitis 1620 
Lymphaiiiin 267d 


MX 

Nfaphaisen (ancnoxidc) iii caidiovascular 
syphilis I6d 

\fass3ge in heart disease 1301 
^fcals effect on hlood pressure 1333 
Mechanical thrombophlebitis 1652 
Mechanotherapy in heart disease 1301 
Mccholyl iontophoresis in Raynaud s disease 
1737 

technic 17SB 

Mecholyl to paroxysmal auricular lachy 
cardia 356 

Medial cystic neaosis 4 
Mediaof aorta syphilitic necrosis 145 
Nfcdiastina] distortion in etiology of chrome 
pulmonary lieart disease 22j 
ifci/nUintf cmphysemi heart sounds due to 
546 

Memiruauon effect on blood pressure ISS4 
Menul disease and anocyanosts 1743 
Merenpunn 

in chronic constrictive penorditis SIS 
in congestive heart failure 1038 
m edema 1615 

Mercurial diuretics and albuminuria 237 
Mercury in cardiovascular syphilii 168 
Metabolic products relation to nricrio 



XX 


INDEX 


M)ocanliil injury from trauma, 276 
Myocardial necrosis caused b) diphtheria, 2 
Myocardial syphilis, 14G 
Myocarditis, rheumatic, 4G, 50 
Myocarditis, sypluluic, 157 
Myogenous dilatation of he ill. 33i 
Myoinalaac pcricardiiis, 292 
Myxedema, clectrocirdiogram in, ti 7 jy 
Myxedema heart, sec ogo 

Myxedematous heart, physical therapy in 
1317 

Myxoma of auricle, 4 

N 

Necrosis, ischemic, of heart. 6 
N'«to«s, media! cystic, i 
Necrosis of niyocarditim caused by dipb' 
ihena. 2 

Scaoliring phlebitis, 1002 
Seoarsphenamine 
in bacterial endocarditis, 133 
III cardionsciilar syphilis, 1G9 
Neocinchoplien in rheumatic heart disease, 73 
Neoplasm of penordium 7 
Neoplasms of heart, I. 6 
Nephritic edema, 1797 
Nephritis, acute, 239 
Nephritis, acute electrocardiogram m, C81 
Nephritis, clironic, apillarics in 1302 
.Vq>hfoiie edema, J797 
Nervous system and hypotension, isio 
Network of Chian, 22 
Ncurocirailatory asthenia, -I, 12. 201 
physical therapy in, 1318 
Neurologic consequences of arterial hyper 
tension, 1438 

iVeuromiiscufar system m shock, ISS3 
xNcuroscs. cardiac, 5. 19(3 
clinical coune and prognosis, 203 
diagnosis, 203 

etiology and pathogenesis, 19(3 
syanpioms, 200 

assoaation with organic heart disease, 

202 

irritable heart of soldiers, 201 
pain, 200 
treatment 201 
physical therapy. 1318 
Vciirosis posjphJebtiic, 10(36 
Neurovascular glomus cumors 1708 

ReltTtytce numbers under 900 refer ig Volume I, 


Nitroglycenn 
III angina pcauris, 415 
in coronary insulliciency or (he anginal 
syndrome. -459 

N'llroglyccrol in hypertension, 1402 
Nodal rhythm, 754 
Nodal thyiiim, auneulovcnirinilar, 049 
Node of ills and Aschoff, 723 
Xodulcs, subcutaneous, in rhnimatic fever, 
104 

Normal electroardiogram, 555 
Normal heart, its output, and circulatory rate, 
472 

ausadtation, 478 
normal murmurs, 481 
sounds. 478 
sternal cnindi, 460 
sysicdic click, 480 
cardiac output, 480 
arculatory me, 487 
inspection, 472 
palpation. 474 
percuuton. 476 
pulse, 474 
rate, 476 
rhiihni, 475 
tension. 476 
vessel wall, 476 
volume, 175 

X ray measurement of heart, 483 
Normal heart murmurs, 481 
Notching and slurring of Q R. S complexes 
620 

Notching of Q R S, 591 
Notching of T vsaves, 627 
Nourishment of heart hy channels other dnn 
emonary arteries, 163 
artihaal production of an accessory circu* 
laiion of heart muscles. 469 
extracardiac anastomoses, 465 
nourishment by reversal of flosy m cardiac 
veins. 4CS 

tlicsbcsian vessels, 166 
anatomic connections and physiology . 4C7 
embryology, 466 

Novaisurol in congestive heart failure, 1088 
Niitrilional edema, 1809 

o 

Obesity and heart disease, 5 
Obstetrics in the cardiac patient, 501 

referenee numbers aboiv 1000 refer to Volume If 



X\II 


INDEX 


I'cncardilis (coilinued) 
purulent pcricardiUs IIG5 
rheumatic, 48 51 
traumatic 275 

Pcncardiura and heart surgery of 114^ 
Pericardium calafication of protodiastolic 
heart sound assocated uith 538 
Peripheral arterial atheroma and sclercx s is 
cause of vascular disease 4 
Peripheral arteries aneur)'sm of 1688 
Peripheral arteries disease of S 
Pernicious anemia and h)potcnsion 1516 
Pernicious anemia and llic heart 12a7 
Perpetual arrhythmia 780 
Pciilics test, 1781 

PetcJual lesions as symptom of bacterial 
endocarditis 1 ^ 

Phasic anhyihmia 749 
Phlebosdcrosis 1550 
Phlegmasia alba dolens 1661 
Phylhon m congcstise heart failure 1088 
Physical therapy in ordionscubr disease 
1294 

etiology of cardiovascilar disease and mdi 
cations for physical therapy I31 j 
cardiusascular syphilis 1516 
tw sesssu.\ osdwsvasculax defects \3\S 
tlcfjacncy diseases 1317 
dcgcncraine heart diseases 1317 
inyxedematous heart 1317 
iiciiroarculatory asthenia and card ac 
neuroses 1313 

pulmonary heart disease 1318 
rheumatic hcirt diseise 1316 
thyTOiOYic cardiosascular disease 1316 
cxerase 1297 
Schott exercises 1299 
hydrotherapy 1301 
effects on 

blood pressure 1308 
minute sol ime output of heart 1309 
pulse 1308 
respiration 1310 
rcspintory metabolism 1310 
sk n dpillancs 1309 
skin physiology 1311 
senous arculalion 1309 
riaults of treatment 1312 
ocaipational therapy 1314 
Referf^ce munbers under 900 refer lo J olume t 


1 hysical therapy in cardiosascular d scasc 
(contmued') 
passise cxerase 1300 
massage 1301 
tncdianoiherapy 1301 
rest 12)7 

soiirtxs available for administration of 
physical therapy 1313 
1 ick 5 disease. 7 30a 
Pituitary diseases of and the heart 2 j 7 
aaomcgal) and gigantism 257 
basophilism 2 j 8 
insufliaency 257 

Plateau pulse of aortic stenosis 377 
I Icximcter I'G 
Plexor finger 476 

PMI (point of maximum intensity) 4/3 
Pneumonia and hypotension 1527 
Pneumonia electrocardiogram in fiSl 
liicumonitis in rheumatic fever 112 
Pneumon iis rheumatic m etiology of 

chronic pulmonary heart disease 225 
Pneumopericardium 7 
Poisons relation to arteriosclerosis I5a6 
Polyarlerms nodosa 1563 
Polyarthritis as cause of bean disease 2 
Polycythemia Qpillaries m 1362 
Polycythemia in congenital cardiac abnor 
malitics 30 
Port Mine slam 1753 
Possible heart disease 6 
Postoperative thrombophlebitis 1654 
Postpanum ihrombophicbitis 169 j 
loMphlcbilic neurosis 1666 
Posture and hypotens on la21 
Posture effect on blood pressure 1329 
Potential heart disease 6 
Precordial leads 630 
elfccu of digitahs on 1142 
l^ecordial pnn in rheumatic fever 107 
Pregnancy 

care of heart disease m 502 
effect of pregnancy on normal heart aOl 
Pregnancy congcsiive heart failure m 1104 
Piegnancy effect on blood pressure 1334 
PiematUTC beats 10 
Premature contraciions or systoles 760 
Preponderance 584 
Prerena] deviation of v ater 1803 
Iressuresuclion boot treatment of arceno 
sclerosis obhtcravs 1719 
referenee nw iberiaboi e JOOOreferln J olume U 



x\tv 


INDEX 


Quinidinc in cardiac iircgulanucs 
(coiilmued) 

in nodal lachjcardia, 1218 
in paroxysmal 

auricular udijardia. 356 1215 
tach)cardia. 774 

sentncular tachjcardia, 336. 1218 
m rheumaiic heart disease, 1209 
in lh)TOtoxicosis. 1210 
m toxic goner, 1209 
methods of administration, 1201 
reasons for failure, 1222 
iemporar> and enduring results. 1206 
auncular fihriUation, 1206 
aunoilar flutter, 1213 
exfrasjstoles, 1217 
nodal tach)ardia, 1218 
parox)'sraal auricular tachjcardia, 1215 
tcnincular tachjcardia, 1218 
toxic sj-mpioms, 1222 
tjpes of arrhjthmias, 1193 
Quinine dihjdrochlonde in paroxjsmat 
auricular tachjcardia, 1216 
Q states prominent, 616 

R 


Rajnauds sjudromc (continticd) 

(rcaiment 1736 
mecholjl iontophoresis. 1737 
protection, 1736 
surgery, 1740 
tobacco, 1759 

treatment of local conditions, 1737 
vasodilating drugs 1739 
Reoitrent idiopathic ihrtnnlwphlchiUs 

(thrombophlebitis inigrans), 1656 
Redupiicaiion of heart sounds, 479 
Reflex vasodiUtion tests 1706 
Renal concentration test, 1444 
Renal consequences of arterial hjpcrtcnsion, 
1443 

Renal decapsulation, Edebohls, for essential 
bj'peTtcnsion, 230 

Renal gljcosuria and hypotension, 1331 
Renal lesions in bacterial cndocardius, 127 
Respiration, eflect ol bjdrothcnipj on 1310 
Respiration m shod., 1390 
Respiratory anhjihniia, 749 
Respiratory system and hypotension, ISIS 
Ret in heart disease. 1297 
Reusatauon of heart from standstill and 
from sentricular fibrillation 1181 



XXM 


INDEX 


R T deifartoii in anteromjocirUial in^rc 
tion G63 

Rumpel Leede test 1360 
Rupture of heart 7 
Rupture of \cssel5 8 

S 

Salialates in rheumatic heart disease 73 
Salt and uater deficiency and the heart 12 j 6 
Salyrgan 

in chronic constrictive pericarditis 31a 
in congesute heart failure 1083 
m coronary artery disease 403 
in edema 1815 

Sanders osallaiing lied in treatmenc ©fane 
nosckrosis obliterans 1721 
Scarlet ferer clcarocardiogram m 6SI 
Sdulhng count m rheumatic fever 116 
Schott excrcKcs 1299 

Scleroderma (sclerodactylia acrosclciosis) in 
Raynauds disease I73a 
Sclerosis Monckebergs 1710 
Sclerosis of valves 7 


Shock (continued) 
physiology 1367 
cardiovascular 1387 
gastrointestinal 1383 
genitouiinary 1339 
neuromuscular 1389 
respiration 1390 
prognosis 1397 
Ireatmmi 1393 
Simmonds disease 2 j 7 
Sinoauncular bradycardia 9 
Sinoauncular heart block 63a 783 
Sinoauncular node 722 
Sinoauncular siandsL II 9 
Sinoauncular tachycardia 9 
Sinus anhyti mia 9 633 719 
diagnosis 752 
prognosis 7aS 
trotment 7a3 
Stnus bndycardia OSa 7S9 
diagnosis 74S 
etiology 740 
prognosis 749 
ireaunent 719 


Sclerosis vascular 3 
Scotcfi douche I30a 
Scurvy and the heart 1291 
Second heart sound 522 
Sedimentation rate m rheumatic fever 115 
Semi/vinar cusps anomafies of U 2S 
Sem lunar opening click 513 
Senility and cardiac changes 5 
Septa anomalous H 
Septal defects 7 
localized 26 

Septum primum deflection to ilielcfi 25 
Serums in treatment of rheumatic heart 
disease 77 

Sev and lour arterial pressure Ijll 
Sex eflcct on blood pressure 134-i 
Sex glands diseases of and the heart 267c 
Shock 1381 
capillaries in 1361 
chemistry 1391 
clinical picture 1384 
dcfliution 1382 
etiology 1393 
hypotension in 1516 


Siiiu>oida] spaces 466 

Sinus pauses proloi gcJ (anliac standstill) 
635 

Sinus ucbytardia 73] 
diagnosis 732 
pregnauj 738 

temporary or tramicnt sinus tachycardia 
751 

treatment 733 

Sioniiiie in cardiovascular syphilis 172 

Siu Intlis tn treatment of artenosc]erD»is 
ubhtenfls 1716 

Skm capillaries effect of hydrotherapy on 
1309 

Skiir pitfs aiagf effect of hjdrothcrjp) on 
13M 

Sleep and hypotension 1524 

Sleep effect on blood pressure 1330 

Slurring and notdnng of Q R S complexes, 
620 

Slurring of Q R S7 591 

Soaks in treatment of arteriosclerosis oblic 
crans 1717 

Sodium nitrite in hvpcrtcnsion 1462 

Sod um salicylate in essential hvyicrtciision 


pailiology 1336 2a4 

Rffererjre numbers under 900 refer to Volume I reference nui tbersobme lOOOreferiol olui le I! 



XJCMSl 

5)philii cardiut-atoilar 
cotnpIicKiont (rontmurtfi 
aortic insufficiency ISO 
occlusion of cuionaiy artery, 159 
syphilitic rajocarduH, I57 
diagnosis 159 
aneurysm 162 
aortic msufficicnrv 161 
etiology 158 
palhology 113 
physical signs H8 

presalciice ami diitribuiirn 110 

symptoms HG 
treatment ICt 
appraisal ICO 
aiailahle drugs and iheraf>ciiiic agents 
163 

cCtects of vtcMtmetU l7o 
fundamental principle ICj 
general treatment measure 172 
prcscniisc aspects 177 
spccnl cnnsKleraiions 171 
aortitis and aneurysm 171 
coronary Klcroiis and niyoarditis 175 
peripheral sascubr disease I7C 
Syphilis cf myocanlium 110 
Syphilis of piilmunary arteno m ciiologs cf 
chronic pulmonary hcatt disease 220 
Syphilitic aortitis x ray diagn«>si< ‘01 
Syphilitic mynardius la7 
Systolic ciicl. lt>0 

T 

Tachycardia auricular jjaroxysmal OJS 
Tadiycardia nodal pata\ssinal Ca2 
Tachycardia paiocysraal 10 765 
diagnosis 737 767 
prognosis 771 

sympionu and complicalions 766 
ircainient 773 

Tachscardia sinoaiinnilar 9 
Tachycardia sinus (simple) 731 
Tachycardia scntriaiUr dngnpws 733 
Tachycardia scntncular paiosssmaJ SjS 
caused by digitalis 1110 
Taiiiyionaile anhac. 305 
T and Q R- S uasa abnormalities of In thru 
mane canbiis 61 
T dcfiettion 592 
Tcl« rncntgeni'grapbs 6i9 


INDEX 

Tclcsystolic cMiacirdue sound 525 
Tcmpoaiiirc ell«t on MikkI piwsure liJ6 
Temporal atteruis 16ftl 
diagnosis and progIlosl^ ICS2 
didcrcntial diagncsis IC^} 
etiology ICS I 
pathology, I6S2 
treatment 16SI 
Tetralogy of Fallot 15 21 2S 
X ray diagnoH* <07 
Theobromine 
tn angrna pectoris 4)1 
in congestne heart failure lOsS 
in coronary artery disease 399 
to edema ISIf 
in cssentiaf hyjwriension 2 j( 

Tlieucalun in croj^olisc heart failuie 10s? 
Tbcnphyllirie (ihcocin) 
in ai gma pectoris 111 
in congrsiite hcail failutc I0s3 
in coronary artery disease 399 
m (ofonan iliromlnsis 126 
m edenu. 1814 
m essential h)]>citensioit 251 
Tliecphylbne cUiylcncdiamme in patuvysmal 
carduc dyspnea 1119 
Tholiesian scsscU 4G6 
Thesetin tn longcstise heart faduic 1041 
Thiueyanate m hytminision 3>3 
Thoraoe aneurysm 1637 
Thtnaac bluul scsscis x tas Miuali/ailcm 711 
Tlioraniissit in ctngnlise heart failure liOl 
ITiFuinbuangiiiis c/bblrrans. ('“S 
capillaries in lSo3 
cJassificaiory objectiscs 1602 
sliviiiiguishing typifying pcmluiilirs 

1603 

tliiiical ampbikatiun iJJI 
unisnsalily of lesions l'9a 
cluneal concept 1579 
clinicopatliologial accrjitaiion I^sO 
enigma of saioilar disease 15’sj 
csjuisocploess of obsenalisiial infiinuinai 
1601 

pailiological roiiapt. I »-s2 
nirTxnbophlelMtii 16 j1 

dinical smptoia* and s >,Tit Ira"! 

fusnpbcat s ni aiul sesjmlae JUaj 
diagiuiMi, liM 


Ittlcrfia „,„,o I ,I«»f /...Vorn., lo 1 



XXX 


INDEX 


Trepopfica, JllG * 

Trichinosis and h)potemion, 1528 
Tricuspid and pulmonary stenosis, conj^cnital, 
15 

Tricuspid airesia, 29 
Tricuspid disease, 7, SSO 
Tnlocubte heart 7 

Triple extrapolation method of measuring 
cardiac output, 486 
Truncus arteriosus, persistent, 15, 29 
Tuberculosis and h)pQtension. 1529 
Tuberculous pericarditis, 291, 299 
T svase and S T segment, effects of digitalis 
on. 1130 

T siascs, abnormalities of, 12. 626 
Typhoid teser and hypotension, 1528 
Typhoid heart a misnomer, 2 

u 

Undernutnuon and the heart, 1251 
Urea in edema, I8H 
Uremia, eleciroardiograni in, 682 
Uremic pericarditis, 291. 300 
Urgtntn, lOU 

in congcstiie heart failure 1083 
Urinary changes iit rlieumaiic feicr, 117 
Uroselcctan B, use in angioardiography. SO 
Urticaria, capillancs in, 1303 


Vahular heart disease, dironic (continued) 
pulmonary sahmlar disease, 7, 381 
pulmonic insutnocncy, 381 
pulmonic stenosis, 382 
with closed scntricular septum, 28 
incuspid salve disease, 7, 380 
VaVsvdai mtompt-tcncy, 12 
Valvular lesions, relative frctjiicncy m ilieu* 
maiisro. 47 
Valvular sclerosis, 4 
Valvulitis, rheumatic, 47. 50 
Varicose thrombophlebitis, 1633 
Varicose veins, 1770 
complications, 1782 
etiology. 1770 

symptoms and diagncms, 1777 
test of venous circulation m varicose ex* 
ircmii), 1778 
Perthes test 1781 
Trendelenburg test, 1779 
treatment, 1786 
injection treatment. 1791 
type and smounl of ooUitsons used. 1793 
Vasaibr anastomoses between heart and 
piricial pmcaniiiim produced by 
chcmial agenu, 1 180 



